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Peritrochanteric fractures are common among geriatric patients. The 
increasingly aged population all over the world and the increase in the age 
specific risk of fracture have led to the increased incidence of these 
fractures. Operative treatments have proven to be the only means to avoid 
complications resulted from such injuries and offer the best chance for these 
patients with compromised physiological reserves to regain independence 
and mobility. The need for an ideal implant which is easy to handle by all 
levels of surgical skill, strong enough for early weight bearing irrespective of 
the fracture pattern, biomechanically sound enough to decrease implant and 
bone fai lure and able to be implanted with minimal surgical trauma is 
obvious. I n this study, the histor ical development of implants for 
peritrochanteric fractures is reviewed and the criteria of an ideal implant are 
established. Comparisons are made between a newly available implant, the 
gamma nail system, which is claimed to have all the theoretical advantages of 
an ideal implant, with one of the most widely used sliding nail plate systems, 
i.e. the dynamic hip screw system. 
(vii) 
Abstract 
The study comprised of three parts. 
The first part was the biomechanical study using an automated 
material testing machine (Instron). This included the study of the sliding 
characteristics of the newly designed lag screw assembly of the gamma nails 
and comparative study of the biomechanical behaviors between unstable 
fractures fixed with gamma nails and dynamic hip screws. The results showed 
that the sliding of the lag screw was efficient and could be easily initiated 
within the physiological range of the hip joint force. The comparative study 
showed that the unstable trochanteric fractures in cadaveric bone fixed with 
gamma nails were mechanically stronger than those fixed with dynamic hip 
screw in resisting the varus bending moment of the hip joint force (P< 0.001) 
though both systems were shown to be equally stable under loads within 
physiological limits. 
The second part was a prospective randomized clinical t r ia l with 
peritrochanteric fractures fixed with gamma nails and dynamic hip screws. 
The results showed that with similar patient demography and fracture 
patterns, the gamma nail could be implanted with shorter X-ray screening 
time and smaller incision (P<0.001); intra-operative blood loss was less in 
unstable fractures treated with gamma nails (P<0.05); and fu l l weight 
bearing walking could be started earlier in the gamma nail group (P<0.05). 
The functional outcome of the patients were similar in the two groups. The 
intra-operative complications were higher in the gamma nai l group 
(P = 0.048) while the post-operative complications were the same. The 
analysis of the intra-operative complications of gamma nails indicated that 
the mismatch of the femoral component of the gamma nail and the Chinese 
femora was the main cause. This led to the third part of the study. 
(vi) 
Abstract 
The third part was the anthropometric study of Chinese femora with 
special reference to the design of the gamma nails. Thi r ty embalmed 
Chinese femora were studied by gross measurements and sectioning. The 
data obtained were applied in the modification of the femoral component of 
gamma nail. As a result, 41 modified gamma nails were manufactured and 
used in the treatment of trochanteric fractures. This resulted in a significant 
decrease in intra-operative complications (P<0.05) as well as post-operative 
complications. 
The results of these studies are analyzed with respects to the criteria 
of an ideal implant for peritrochanteric fractures. The efficient sliding 
mechanism of the gamma lag screw fulf i l ls the vital requirement for a 
successful implant. The medialization of the femoral component of the 
gamma nail by intramedullary fixation decreases the bending moment of the 
hip joint force and enables us to implant the nail by a closed procedure. The 
advantages of a closed operative procedure are proven in the comparative 
clinical study which confirms that the gamma nail can be implanted with less 
degree of surgical trauma and post-operative rehabilitation is facilitated. 
The intra-operative complications of standard gamma nail are successfully 
avoided by modifying the femoral component of the gamma nail with the 
data from the anthropometric study of Chinese femora. The application of 
the anthropometric data in the modification and the design of the gamma 
nail for Chinese patients represents the f i rst reported success in such 
attempt. 
I t was concluded that the gamma nail represented another advance in 
the pursuit of an ideal implant for the peritrochanteric fractures. The 
successful modification of the standard gamma nail with the anthropometric 
data is one further step towards the making of an ideal implant for these 
common fractures. 
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"Si jeunesse savait; si vieillesse pouvait" 
(if youth knew; if age could) 
--Les Premices 
Henri Estienne (1531-1598) 
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Fractures around the hips are the commonest traumatic cause of 
admission to hospital among geriatric patients. Treatment of hip fractures is 
also the commonest operation performed daily in any orthopaedic unit. The 
gradual increase in the incidence in the past 5 years can be clearly seen from 
the retrospective analysis of this condition in the Prince of Wales Hospital 
(Figure 1.1). This is a world wide problem. The increase in the incidence of 
hip fractures is closely related to the increase in the percentage of old people 
in the world population and the increase in the age specific fracture risk. 
This problem will continue to dominate our clinical practice in the next ten 
to twenty years, and may be even more since we have no realistic means of 
preventing the fractures from happening among these people at the present 
moment and in the near future (Editorial, 1988). 
As the population pyramid changes into a cylinder, we have more old 
people within a society. Figures from the World Health Organization show 
that the rising percentages of old people in developed and developing 
countries are alike (Table 1.1) (Andrews et al，1986). The increase in 
percentage is higher in developing countries but the actual percentage of old 
people is higher among developed countries (Figure 1.2) (Bourliere and 
Vallery-Masson, 1985; Merriman, 1989; Cassel and Brody, 1990). This has 
resulted in an increase in the absolute number of old people in the world as a 
whole. As the fracture rate doubles every six to ten years after the age of 50 
(Figure 1.3) (Gallagher et al, 1980; Matkovic et al, 1980)，the increase in the 
proport ion of old people within a society leads to the increase of hip 
fractures. In fact, most studies show that the increase in the number of old 
people is the major cause for the rise in number of hip fractures (Jensen, 
1980d; Lewis, 1981; Wallace, 1983; Zain Elabdien et al, 1984; Luthje, 1985; 
Rockwood et al, 1990; Lau and Donnan, 1990). Statistics from the United 
States of America show the projected annual number of hip fractures will 
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increase from 200,000 in 1980 to more than 650,000 by 2050 (Cummings et 
al, 1990). Similarly, with a same trend of aging in the local population 
(Table 1.2)，we can project the annual number of hip fractures in Hong 
Kong wi l l increase from 2900 in 1987 to more than 5500 by 2001 (Leung, 
1989; Lau and Donnan, 1990). 
Table 1.1 World Population Projections* 
Total population Population Percentage 
Year (millions) 65+ years 65+ years 
Developing countries 
1980 3284 129 3.9 
2000 4297 229 4.7 
Developed countries 
1980 1131 129 11.4 
2000 1272 167 13.2 
*Source: Age and Sex Composition by Population by Country, 1960-2000. 
New York, United Nations, 1979. 
Table \2 
Changes of Geriatric Population in Hong Kong* 
1986 1991 1996 2001 
Total Population (miUions) 5.53 5.84 6.14 6.36 
Population > 65 years old (millions) 0.43 0.54 0.65 0.75 
% 7.70 9.20 10.60 11.80 
Life Expectance (Male) 74.00 75.10 76.10 76.70 
Life Expectance (Female) 79.40 80.90 81.80 82.40 
No. > 65 111.00 131.00 151.00 167.00 
Supported by 1,000 Adults (15-64) 
*Source: Census & Statistics Department, Hong Kong Government, 1987. 
The second factor that leads to the increase of hip fractures among 
geriatric patients is the increase in the age specific fracture risk (Gallagher et 
al, 1980; Jensen, 1980d; Meier, 1990; Lau et al, 1990; Lau and Donnan, 
1990b), particularly the factors associated with osteoporotic fractures (Table 
1.3). It is clear that age, female sex, white race, estrogen deficiency and low 
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body weight are risk factors for development of osteoporosis. Cigarette 
smoking is the most common potent ial risk behavior associated wi th 
osteoporotic fractures, and this habit has become substantially more 
widespread among women during this century. It is estimated that cigarette 
smoking increases the relative risk of hip fracture by 1.5 to 2.0 (Williams et 
al, 1982). Other factors like inactivity, inadequate calcium intake, excessive 
intake of protein and coffee are commonly observed. 




Gonadal hormone deficiency 








Previous hip fracture 
Inadequate calcium intake 
Lactose intolerance 
Alcoholism 
Excessive intake of protein 
Excessive intake of coffee 
Scoliosis 
Given that the major i ty of these fractures are a t t r ibu tab le to 
osteoporosis (Dimon and Hughston, 1967; Cummings et al, 1985; Cornell et 
al, 1987; Hofeldt, 1987; Lizaur-Utrilla et al, 1987; Wilton et al, 1987; Laros, 
1980; Matkovic et al, 1980)，it is unlikely in the next 20 to 30 years that this 
trend wil l be reversed. As it is generally accepted that bone loss with age is 
an universal phenomenon, it is estimated that by the age 65, up to 50% of 
women have a bone content below fracture threshold and by the age of 85, 
100% of women are below this threshold (Riggs et al, 1981). Research into 
the prevention of osteoporosis is limited by lack of blind, randomized and 
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controlled tests, by follow-up period too short to detect the long term impact 
on fractures, side effects and toxicities; and by an almost complete lack of 
data on effective treatments for elderly persons. 
Fractures around the hips are disabling. The immediate loss of 
independence and mobility are deleterious to these old people physically as 
well as mentally. The severe associated consequences include long term 
hospitalization and risk of surgery. The mortality rate is 15% to 20% higher 
than that of age-and sex-matched control in the first 4 months after fracture 
(Mil ler, 1978; Jensen and Tondevold, 1979; Dahl，1980; Cummings et al, 
1985; White et al, 1987; Foubister and Hughes, 1989; Larsson et al, 1990). 
The goal of the t reatment is to decrease, i f not to prevent, these 
complications and to help the patient to regain mobility and independence as 
early as possible. 
A l though peri trochanteric fractures would heal after weeks or 
months of bedrest, the potential morbidity and mortality of bed rest in 
elderly, debilitated patients usually are greater than the operative risk. The 
other complications of non-operative treatment of such fractures are the 
residual deformities of shortened and externally rotated lower extremities. 
These deformities render rehabilitation and mobility difficult. Numerous 
studies have shown that operative treatment to stabilize the fractures 
provides the quickest means to relieve pain and offers the patients the best 
chance to prevent such deformities, facilitates rehabilitation and achieves the 
goal of early recovery of mobil i ty and independence (Laskin et al, 1979; 
Ceder et al, 1980; Nue Moller et al, 1985; Ceder et al, 1987; Sexson and 




In a retrospective analysis of the geriatric hip fractures treated in the 
Prince of Wales Hospital from 1987 to 1989，a total of 943 patients were 
reviewed. Of the total number of fractures around the hip, about 48.7% 
were peritrochanteric fractures. The rest were femoral neck fractures. 
Patients with peritrochanteric fractures were approximately 5 years older 
than those with neck fractures. 59.2% of patients with peritrochanteric 
fractures were found to have one or more complications from other medical 
abnormalities while only 31.8% of the femoral neck fractures had similar 
complications (Table 1.4). As for the premorbid mobility status, both groups 
were similar. 39% of the whole group required walking aids during daily 
activities. Socially, 50% of these patients had problems. They either lived 
alone, or came from institutions or had problems with the family members. 
Such findings thus indicated that this group of patients requ i red the 
expertise of the geriatric service working with the orthopaedic surgeons in 
order to decrease the complications and facilitate rehabilitation. 
Table 1.4 
Incidence of Preoperative Medical Complications among 943 Geriatric Hip Fractures 
Trochanteric Femoral Neck 
Medical Conditions Fracture Fracture 
Ischaemic heart disease 38 20 
Heart failure 23 11 
Hypertension 98 50 
Chest infection 17 10 
Obstructive airway diseases 23 15 
Chronic renal failure 32 20 
Diabetes mellitus 42 28 
Total Percentage 59.6 31.8 
The operat ion rate of this group of patients was 96.9%. Whi le 
realizing the advantage of early operative treatment for these patients, we 
had been following a specific protocol for geriatric hip fractures (Figure 1.4) 
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since 1987. 82% of the fractures were operated within three days after 
admission. The outcome of these patients is shown in Table 1.5. Post-
operatively, 87% of patients were mobil ized w i th in the f irst week of 
operation. In the last follow-up, 74% of the patients required walking aids 
for mobilization. There was no significant difference between the patients 
with peritrochanteric fractures and those with femoral neck fractures. 
Socially, all patients were discharged; but a much higher percentage of the 
patients had to be discharged to homes for the aged. However, the 
compl icat ion rates of the operat ion were higher in pat ients w i th 
peritrochanteric fractures, particularly those related to the implants (Figure 
1.5). The operative mortality was 4.9% and in a separate study, we found that 
as many as 40% of the patients died within 4 years after operation (Leung et 
al, 1988). 
Table 1.5 Results of Operative Treatment of 943 Geriatric Hip Fractures 
Trochanteric Femoral 
Fractures Neck Fractures Total 
Mean Age 80.9 72.2 78.8 
Operation Rate 96.5% 97.3% 96.9% 
Postop. Mobility Independent 9.0% (61.0%)* 18.9% (69.0%)* 14.0% 
Aided 77.1% (37.0%) 71.0% (29.0%) 74.0% 
Chair Bound 13.9% (2.0%) 0.1% (2.0%) 12.0% 
Discharged Home 51.6% (78.9%) 55.2% (80.2%) 53.4% 
Institutions 48.4% (21.2%) 44.8% (19.8%) 46.6% 
Complications Medical 15.1% 18.9% 17.1% 
Rates Surgical 5.6% 3.8% 4.7% 
Implant 12.2% 2.5% 7.2% 
Operative Mortality 6.5% 3.4% 4.9% 
*Numbers within the parenthesis refer to preoperative findings. 
This Study showed that with well planned protocol, we are able to 
carry out operative treatment for over 90% of the patients despite their 
complicated medical problems, and the operative mortality is low. With this 
protocol, these patients could be mobilized early, over 80% of them within 




Figure 1.5 Fracture of Neufeld Pin and Plate - Common Complication of Implant 
Failure with Older Design. 
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peritrochanteric group reflected the use of implants of older design. 
With the increasing number of fractures and the lack of foreseeable 
preventive measures, orthopaedic surgeons should have a key role in coping 
with this problem in the same way as our senior colleagues managed 
tuberculosis, septic arthritis, and poliomyelitis before the threat of these 
infectious diseases was prevented by vaccination, hygiene and improved 
living standards. Our strategies must be used to manage these patients 
optimally with our present knowledge of surgery. The orthopaedic surgeons 
should take the leading role in the search for the preventive measure and the 
improvement in the treatment. The search for the improved treatment and 
rehabilitation protocols can certainly lead to a decrease in morbidity and 
mortality among these already very compromised patients. 
If we could name the advances of musculoskeletal trauma in the past 
decades: the 70，s were denoted by the advances in management of pelvic 
trauma, those in the 80，s were represented by the use of locked nails in the 
management of long bone fractures. The 90，s，as we can confidently predict, 





the Fixation Devices 
for 
Peritrochanteric Fractures 
"Those who cannot remember the past are 
condemned to repeat it" 
-The Life of Reason, 1:12 
G. Santayana (1863-1952) 
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The use of implants in the surgical management of trochanteric 
fractures started more than 50 years ago. Today, although we can achieve a 
sat isfactory result , the s i tuat ion is far f r om perfect . W i t h bet ter 
understanding of the patho-anatomy, progress in the biomechanics and a 
critical analysis of the use of the implants, we may be able to improve our 
management strategy by designing the ideal fixation device that wil l help us 
to cope with the ever increasing challenge ahead of us. 
11.1 PATHO-ANATOMY AND BIOMECHANICS OF 
PERITROCHANTERIC FRACTURES 
The patho-anatomy of peritrochanteric fractures is well recognized 
(Evans, 1949; Jensen, 1980a; Ender, 1986; Tronzo, 1987). The lineaments of 
osteoporosis which prevail in these patients lead to typical comminutions in 
the fractures. The relatively thin posterior cortex due to the lack of strong 
soft tissues attachment confine most of the comminutions to this region 
(Figure 2.1)，and hence a common complication is external rotation when a 
fracture is allowed to heal in the natural way. The comminution of the 
fractures also results in a certain degree of collapse during the process of 
healing and consolidation. The multiple muscle attachment around this 
region also leads to marked displacements of fracture fragments. Though 
this may be a disadvantage for the surgeon, the multiple muscle attachment 
ensures adequate blood supply to the fragments and hence high union rate. 
Biomechanically, as early as 1917，Koch (Koch, 1917) had already 
worked out the forces acting across the trochanteric region (Figure 2.2) 
during normal daily activities. The tremendous stress and bending moment 
(Will iams and Svensson, 1968; Toridis, 1969; Rybicki et al, 1972; Rydell, 
1972; Oh and Harris, 1978) acting across this region determine the very 
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Figure 2.1 X-ray Films of a Trochanteric Fracture Showing Typical Pattern and 
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uniform oblique fracture line and the subsequent varus deformity when the 
fracture heals. The vector analysis of the force across the hip (Rydell, 1966; 
Harris et al, 1975; Bombelli, 1976; Davy et al, 1988; Hodge et al, 1989) also 
indicates the concentration of pressure on the supero-medial conical segment 
of the femoral head which is relatively weak in resisting compression (Figure 
2.3) (Bombelli, 1976; Brown and Ferguson, 1980). This explains the frequent 
complications of perforation by the implants if they are inserted into this part 
of the femoral head. 
Results from the biomechanical study also support Evans's concept of 
fracture stability (Evans, 1949; Martinek et al, 1979; Jensen, 1980a; Chang et 
al, 1987; Apel et al, 1989) (Figure 2.4). The status of the medial cortical 
support and the direction of fracture pattern determine the stability, hence 
the outcome of the fractures. In most of the series reported (Laros and 
Moore, 1974; Jacobs et ai，1976; Kyle et al, 1979; Wolfgang et al, 1982; 
Bannister et al, 1990)，approximately 40% of al l the peri trochanteric 
fractures were unstable by these criteria. In stable fractures fixed with 
implants, because of the preservation of the medial cortical support and less 
degree of comminutions, a much smaller degree of collapse of the fracture 
site during consolidation is anticipated. It has been shown that as much as 
75% of load can be transmitted through bone to bone contact under these 
conditions (Kauffer et al, 1974; Sonstegard et al, 1974; Jensen et al, 1980b; 
Matthews et al, 1981; Larsson et al, 1988). This accounts for the low rate of 
complications in the operative fixation irrespective of the choice of the 
implant used (MulHolland and Guim, 1972; Laros and Moore, 1974; Jensen 
et al, 1980b; Brink et al, 1987). 
In unstable fractures, the greater degree of collapse during fracture 
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joint. The lack of medial cortical support requires the implant to bear the 
majority of the load and to counteract the tremendous varus bending 
moment from the hip joint force during muscle contraction and walking. 
This leads to a high implant failure rate. The overall complication rate in 
operative treatment of unstable fractures is 10 times higher than those in 
stable fractures (Dimon and Hughston, 1967; Harrington and Johnston, 1973; 
Hunter and Krajbrich, 1978; Jensen et al, 1980a; Bannister et al, 1990). It is 
in this group of unstable fractures that the choice of implant is one of the 
important factors for achieving good clinical results. 
It is very clear to us what should be the ideal implant for trochanteric 
fractures: The large proportion of unstable fractures makes a strong implant 
vital in allowing fracture to heal without implant failure. A load sharing 
design that decrease the lever arm will minimize the effect of the large varus 
bending moment. An implant that allows impaction of the fractures in a 
controlled manner wi l l prevent penetration into the hip jo int due to the 
inevitable collapse of the fracture during consolidation. Another factor is 
that this group of old and fragile patients requires the surgical procedure to 
be as atraumatic as possible. The large patient load also requires that the 
instrumentation should be as simple as possible, easily handled by different 
levels of surgical experience. 
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11.2 A REVIEW OF THE IMPLANTS AVAILABLE FOR 
PERITROCHANTERIC FRACTURES 
The study of the development of the fixation devices used in the past 
and their complications sheds light on the design of an ideal implant. 
The operative treatment of hip fractures dates back to mid-19th 
century when Langenback's at tempt at na i l ing these f ractures was 
sporadically imitated but with general lack of success because the nails were 
inaccurately inserted without the availability of X-ray. Open reduction was 
dangerous. Metal was not inert and the nail could not control rotat ional 
stresses. The subsequent use of ivory pegs and steel pins marked an 
improvement in the fixation devices at that stage. It was not until 1931，that 
Smith-Petersen (Smith-Petersen et al, 1931) in Boston reported his 
experience with a triflanged nails inserted under direct vision in 24 patients 
with femoral neck fractures. This nail was sharply pointed and its strength 
and shape enabled it to withstand, as no previous implant had done, the 
bending and rotational stress in the femoral neck. I t was f irst made in 
stainless steel and then in vitallium. With the recognition that the cervical 
nail could not be expected to control trochanteric fractures on its own, due to 
the complications of back-out and breakage, a spate of angled nail plates and 
blade-plates appeared. 
Thornton (Thornton, 1937)，in 1937, added a small side plate to the 
triflanged Smith-Petersen nail in order to prevent extrusion and increased 
the purchase of the nail on the osteoporotic bone of the trochanteric area by 
fixing the side plate with screws to the femoral shaft. 
办 I n 1940，Gerhard Kiintscher wi th the experience of the use of 
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intramedullary nails for femoral shaft fractures, introduced his Y-nail (Figure 
2.5) to treat trochanteric fractures (Kuntscher, 1967). Kuntscher initially 
worked with an I-beam that passed through a longitudinal femoral medullary 
nail; later he settled on the design of a tubular femoral neck component 
shaped into a trough for the femoral head, with an oval opening through 
which the femoral nail could be passed. The interlocking of the head and 
intramedullary shaft components exemplified the first design of the load 
sharing device. This device however, was not used widely and only a few 
descriptions have appeared in the literature (Cauthbert and Howat, 1976; 
Nather and Tay, 1982). 
With the nail plate systems, one-piece heavy duty units, the Jewett nail 
(Jewett, 1941) and the Neufeld nail were introduced in 1941 and 1944 
respectively. The nail and the plate were manufactured as one piece with 
fixed angle. The difference was in the shape of the nail. The Jewett nail 
retained the sharp triflanged solid nail (Figure 2.6) while the Neufeld nail 
was modified by a relatively blunted end with a V-shape shaft (Figure 2.7). 
Both of these systems have been used extensively until very recently. 
The fixed angle nail-plate systems posed a problem in fixing the plate 
to the femoral shaft. In 1947 (McLaughlin and Garcia, 1955), the Mclaughlin 
nail (Figure 2.8) was introduced. I t was basically a two-piece unit which 
consisted of a triflanged nail connected to the side plate by a bolt. The angle 
of the connection could be changed so as to facilitate fixation of the side 
plate to the femoral shaft. 
In 1953，Ernst Pohl, a German mechanic working in Kiel developed a 
2-piece system that revolutionized the fixation device (Figure 2.9) (Lentz, 
1986). I t consisted of a blunted nail and a side plate. The screw threads of 
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the nails increased the purchase of the nail on the femoral head. The nail 
was then fixed to the side plate through a barrel which allowed the nail to 
slide within it. This was the first system that allowed guided collapse of the 
fractures dur ing fracture impactions and healing. Subsequently, many 
designs were introduced with the same concept. The common examples were 
the Richards (Figure 2.10) and the A O dynamic hip screw system (Figure 
2.11). These systems are the most widely used to-day with modifications of 
the implant designs, refinement of instrumentation and simplif ication of 
operative procedures. 
The H o l t na i l was in t roduced in 1963 w i th the a im of obta in ing 
greater strength (Holt, 1963). I t was a single piece unit made up of a 12mm 
diameter solid nail and a thick side plate of vitallium. The A O angle-blade 
plates (Figure 2.12) were designed with the similar concept. 
K i in tscher , wh i le pursuing the idea of in t ramedul la ry f ixat ion, 
introduced the condylo-cephalic nai l in 1966. I t was a single curved 10mm 
intramedul lary nai l that passed f rom the medial femoral condyle to the 
femoral head over a guide wire (Figure 2.13). Its distal end was then secured 
by a transverse bolt or a screw. Kiintscher assumed that this approach could 
min imize the morb id i t y of the surgery and be strong enough to al low 
immediate weight bearing (Kiintscher, 1970; Harris, 1980). 
Wi th a similar atraumatic concept, J. Ender introduced the multiple 
flexible intramedullary nails in 1967. The availability of a smaller 3.5mm nail 
has made this system one of the most popular implants for peritrochanteric 
fractures in Hong Kong in the past ten years (Chan et al, 1982) (Figure 2.14). 
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Figure 2.14 Trochanteric Fracture Fixed with Multiple Ender's Nails. 
Page 27 
Chapter III 
nails in the closed treatments for unstable femoral and tibial shaft fractures, 
introduced the most recent design, the gamma nail (Figure 2.15). This 
system combined the concepts of a sliding nail for the fixation of the femoral 
head and the intramedullary fixation for the femoral shaft. 
To recapitulate, the chronological events of the development of the 
implants cou ld be d iv ided in to two main stages. The f i rs t stage was 
characterized by the use of the older designs which were very much 
hardware-orientated without any consideration of the patho-anatomy and 
biomechanics. Of all these implants, the one-piece unit might be stronger 
mechanically; but the fixed angle made it relatively diff icult to insert. The 
two-piece unit with the variable angle did facilitate fixation but at the same 
time it weakened the system as a whole (Jensen, 1980c). Nevertheless, the 
most deleterious factor for these implants was that these old implants did not 
al low guided f racture impact ion. Complicat ions were common when 
unstable fractures were fixed with these implants (Jensen, 1980c). Implant 
failure l ike bending (Figure 2.16), breakage (Figure 1.5) and disassembly 
(Figure 2.17) were frequent. On the other hand, penetration (Figure 2.17， 
2.18) and cut-out (Figure 2.18) occurred during the process of consolidation. 
It was obvious that when unstable trochanteric fractures were fixed with 
these implants, the goal of early mobilization and weight bearing walking 
exercise could not be achieved. The complications rate were too high to be 
acceptable. 
The second stage came wi th a better understanding of the patho-
anatomy and biomechanics (Kauffer, 1980). There were at least three distinct 
approaches (Figure 2.19) to the problems of unstable trochanteric fractures. 
These included the application of surgical techniques to change the unstable 
fracture to stable one; the search for mechanically strong fixation devices and 
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Figure 2.18 Penetration (a) and Superior Cut-out (b) of the Implant due to Failure of 
Osteoporotic Bone in the Hip. 
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Figure 2.19 Three Distinct Approaches for Managing Unstable Trochanteric Fractures. 
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lastly, the search for a design that allowed impaction of the fractures and 
sharing the load with the bony structures during weight bearing so that 
implant failure rate would be decreased. 
The philosophy of changing an unstable fracture to a stable fracture 
by surgically modifying the fracture pattern is best i l lustrated by D imon 
Hughston medial displacement osteotomy (Dimon and Hughston, 1967) and 
Sarmiento valgus osteotomy (Sarmiento and Williams, 1970) (Figure 2.20). 
These procedures increase the load transmission through bony contact 
(Chang et al, 1987). Nevertheless, complications (Roberts et al, 1972; 
Hunter and Krajbrich, 1978; Jacobs et al, 1980) like excessive shortening, 
malrotat ion and late valgus deformity of the knees are not uncommon. 
Furthermore, the operation is technically demanding and the increase in the 
magnitude of the operation are not desirable in these old people wi th 
compromised physiological reserve. 
The second approach to the problem is the use of strong implants like 
the Holt nail-plate and the AO angle blade-plate (Figure 2.12). This certainly 
decreases the incidence of implant failure. However, the poor quality of the 
osteoporotic bone and the inability of the fracture to collapse during healing 
lead to high incidence of bone fai lure (Harr ington and Johnston, 1973; 
Waddell, 1980; Jensen et al, 1980a; Kerr l in , 1989). Superior cut-out and 
penetration are therefore common complications. 
The th i rd distinct approach follows the pr inciple of having load 
sharing between the implants and bone in order to decrease the implant 
failure rate; the guided fracture impaction is feasible w i th the sliding 
design. The load sharing devices l i ke the K i in tscher 's Y na i l , the 
condylocephalic nail and the Ender's nails decrease the lever arm of the 
varus bending moment (Figure 2.21) (Kuderna et al, 1976; Mart inek et al, 
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Figure 220 The Dimon Hughston Medial Displacement Osteotomy (a) and Sarmiento 
Valgus Osteotomy (b). 
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1979). However, these designs do not allow fracture impact ion which is 
inevitable in unstable fractures. As a result, penetration and backing out 
(Figure 2.22) are common complications (Jensen and Sonne-Holm, 1980; 
Chan et al, 1982; Levy et al, 1983; Sherk and Foster, 1985; Zain Elabdien et 
al, 1985; Sernbo et al, 1988; Whi te law et al, 1990). W i t h the Y nai l , 
dislodgement and back-out (Figure 2.23) of the nails are also common. 
Ernst Pohl's concept of sl iding nails is perhaps the most widely 
accepted one today. Reported complications were around ten to f ifteen 
percent among similar designs (MulHol land and Gunn, 1972; Ecker et al, 
1975; Doppelt, 1980; Jacobs et al, 1980; Jensen, 1980b; Larsson et al, 1988; 
Herr l in et al, 1989). Complications like penetration (Figure 2.24) are usually 
due to technical error in which the lag screw is placed in the supero-medial 
quadrant of the femoral head where concentration of hip joint force takes 
place. Other causes for the failure of the implant (Doherty and Lyden, 1979; 
Manol i , 1986; Amis et al, 1987; Simpson et al, 1989; Flores et al, 1990) 
include the jamming of the lag screw, and the use of a short lag screw in a 
long barrel that leaves no distance to slide. The fact that i t is not a load 
sharing design leads to lateral pu l l ing of f f rom the femora l shaft and 
breakage of the implant by the large moment arm of the hip jo in t force 
(Figure 2.25). The need for considerable exposure during implantation also 
leaves room for further improvement. 
The gamma nail theoretically fulfills all the requirements of an ideal 
implant for peritrochanteric fracture: The sliding of the lag screw allows 
guided impact ion of the fractures dur ing weight bearing walk ing; the 
intramedullary fixation of the femoral component shortens the moment arm 
(Figure 2.26) of the hip joint force; the implant could be inserted with closed 
procedure which minimizes the surgical trauma and the strong construction 
Page 34 
Chapter III 
X-ray Pictures Showing 
H j H M H I 」 j ^ M Penetration and Back-out of 
M B p l l E 1 」 E n d e r ' s Nai ls in Same 
i m 
Y J 




Figure 224 Superior Cut-out of Lag Screw of Dynamic Hip Screw System. This was 
Caused by the Technical Error of Inserting the Lag Screw into the Supero-
Medial Segment of the Femoral Head. 
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I Figure 226 Decrease in Bending Moment by Intramedullary Fixation of the Femoral Compon nt in Gamma Nail. 
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enables early weight bearing walking after fixation. 
In this study, these theoretical advantages of the gamma nail were 
explored. Biomechanical tests were carried out to investigate the sliding 
characteristics of the lag screw and the effect of intramedullary fixation of the 
femoral component of the gamma nail system. The clinical application of 
the gamma nai l was compared wi th those of another popular sliding hip 
screw system i n the prospective randomized t r ia l for the t reatment of 
peri trochanteric fractures. Wi th the identi f icat ion of the complications, 
further modification of the gamma nail system was attempted with the results 




"Give us the tools, and we will finish the job” 
-Radio broadcast，9 Feb. 1941 
Winston Churchill (1874-1965) 
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III.l BIOMECHANICAL ANALYSIS OF THE GAMMA NAIL AND THE 
DYNAMIC HIP SCREW 
The high incidence of proximal fractures in old age people in whom 
osteoporosis prevails, the need for stable fixation of these fractures for early 
mobil ization and the high rate of bone and implant failures among these 
fractures prompt the quest for a biomechanical ly ideal implant . The 
b iomechan ica l behav iour of the s l id ing na i l p la te systems had been 
investigated by various workers (Sonstegard et al, 1974; Kyle et al, 1980; 
Jensen, 1980b; Matthews et al, 1981; Flores et al, 1990). There is no similar 
study on the gamma nail. Two of the most important principles underlying 
the design of the gamma nail are: The sliding lag screw enables fracture 
impaction and the intramedullary fixation decreases the moment arm and 
hence reduces implant failure. In this section, these two biomechanical 
characteristics are investigated. 
III. 1.1 The Testing Machine and Equipments 
A l l the tests were carried out wi th an automated mater ial testing 
system (Instron), model 1341. This machine operated wi th a hydraulic 
system. Both the output of the cross head displacement and the load cell 
were given as voltage. The load cell was calibrated with one volt equaled to 
either 1 kilonewtons or 0.5 kilonewtons. The speed of the cross head was 
calibrated to one volt equaled to 5mm movement and it could be controlled 
by adjusting the frequency switch. The value of the frequency could be 
calculated i f the distance which the cross head had to travel was known. The 
calculation was done as the following: 
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Cross head speed required = 0.2mm per second 
distance travel = 20mm 
then, time for one cycle = 20/0.2 
= 1 0 0 seconds 
therefore, the frequency = 1/100 
= 0 . 0 1 Hertz 
The linear variable differential transformer ( L V D T ) was operated 
with direct current of 9 volts. The calibration curve (Appendix 2) showed 
that the l inear part of the curve was in the range of 1 to 5 volts. The 
calibration was 1 volt equaled to 10mm displacement. 
The output channels were connected to the personal computer 
(F igure 3.1) and the output signals f rom the testing machine and the 
equipments could then be recorded by analog to digital conversion onto a 
floppy disc for analysis. 
III. 1.2 The Design of the Testing Jig 
A special j ig was designed for these tests (Figure 3.2). The specimen 
holding cylinder was made of stainless steel with 5mm thickness. The cavity 
was 35mm in diameter and 120mm long. There were two screw holes for 
holding of the specimen. Screw holes had 7mm diameter and were situated 
25mm apart. The most distal one was 30mm from the base of the cylinder. 
The cylinder was fixed on a solid metal base with the surface at 2 5 t o the 
horizontal plane. The angle of inclination was based on the result of the in-
vivo study from Bergmann (Bergmann et al, 1990) which indicated that the 
resultant force on the hip was 25 ° to the vertical plane. This solid base could 
be rotated around the vertical axis for an arc of 90°. The solid base was then 
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Figure 32 Schematic Drawing of the Testing Jig. 
Page 42 
Chapter J V 
attached to the two cylindrical plates which allowed adjustment of the base 
in X - Y directions on the horizontal plane. A solid pole was attached to the 
centre of the undersurface of the lowest plate to fix the j ig onto the hydraulic 
grips of the Instron machine. A solid cylinder piece with a concave surface 
was attached onto the cross head and served as the compression head in 
contact with specimen during the compression tests. 
III. 1.3 The Test of the Sliding Characteristics of the 
Gamma Lag Screw 
The ability of the lag screw to slide to allow fracture impaction during 
mobi l izat ion exercise is the most important factor that determines the 
successful outcome of the treatment of peritrochanteric fractures. Most 
clinical studies showed that the sliding lag screw gave least complications 
(Evans, 1949; D imon and Hughston, 1967; Doppelt , 1980; Jensen et al, 
1980a; Sernbo et al, 1988; Herrl in et al, 1989). The downward slide of the lag 
screw decreases the penetration, which was common among fractures fixed 
with rigid implants. The guided sliding also decreases the moment arm of the 
varus force and increases the contact between f rac tu re f ragments 
(Sonstegard et al, 1974; Jacobs et al, 1976; Waddell, 1980; Flores et al, 1990). 
The sliding mechanism of the gamma nai l has an unique feature 
(Figure 3.3). The set screw is used to control the axial rotation of the lag 
screw but allows the sliding at the same time. 
Material and Method 
A Standard gamma nail of 14mm distal diameter, 200mm long and 
135 ° was used in the test. A 100mm lag screw was used. The construct 
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Figure 33 The Sliding Mechanism of the Gamma Lag Screw. 
(A) Set Screw (B) Lag Screw (C) Intra-medullary Component. 
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(Figure 3.4) of the nail was fixed into the specimen holding cylinder of the j ig 
with the two locked screws and the space was fi l led with low melting point 
alloy which composed of 60% lead and 40% tin. The sliding characteristics 
were studied with the following set screw conditions: 
1. No set screw, 
2. set screw loosened by backing off for 90， 
3. set screw loosened by backing off for 60 °， 
4. set screw screwed tight. 
The setup was compressed with the Instron machine. The cross head 
speed was 0.2mm per second. The di rect ion was 25° to ver t ical . The 
displacement of the lag screw was measured with linear variable differential 
transformer (LVDT). The rate of load application as related to the lag screw 
displacement was recorded at the same time. Each test was performed with 
a new set screw and a new groove of the lag screw. The data were sampled 
at the rate of 2 per second and were recorded onto a floppy disc. The lag 
screw and the set screw were inspected for any damage after each test. 
The displacement of the lag screw was calculated with the calibration 
curve of the L V D T (Appendix 2) and data were plotted against the loading 
force (Newtons). With the simple regression analysis, the slope of the curves, 
the mean and the standard deviation of the forces that init iated the slide 
were calculated. 
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Figure 3.4 The Set Up of the Gamma Nail into the Testing Jig - the LVDT (arrow) was 
attached to the Lag Screw Directly. 
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III. 1.4 The Biomechanical Behaviour of Fractures 
Fixed with Gamma Nail and Dynamic Hip 
Screw 
One of the theore t ica l advantages of the gamma na i l is the 
intramedullary fixation of the femoral component. The medial placement of 
this component decreases the moment arm of the hip joint force and hence 
reduces the chance of lateral pulling out (Figure 2.27). The results of the 
anthropometric study (Chapter IV)，showed that the average distance from 
the centre of the femoral head to the centre of the femoral shaft was found to 
be 43mm and the average distance from the centre of the femoral head to 
the lateral side of the femoral shaft was 58mm, the difference was 15mm. 
With the intramedullary fixation of the femoral component, there is a 25% 
decrease in the lever arm of the bending moment. In this experiment, 
unstable trochanteric fractures were either fixed with gamma nail or dynamic 
hip screw. The setup was tested to failure with Instron machine to determine 
the difference in the response and the failure modes. 
Material and Method 
Paired fresh cadaveric femora which were grossly and radiologically 
normal were used. The age, sex and the cause of death were recorded. The 
neck shaft angle and the anteversion angle were measured. Bone density in 
the femoral head, neck, Ward's triangle, trochanter and shaft were measured 
by dual energy X-ray absorptiometry (Norland Model XR-26 X-Ray Bone 
Densitometer). The femora were stored in -20 °C and thawed in room 
temperature for 24 hours before manipulations and tests. 
Unstable fractures were created with saw and osteotome (Figure 3.5). 
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Figure 3.5 Schematic Diagram showing Lines of Osteotomy and Bone Removal to 
Create Unstable Trochanteric Fractures in Cadaveric Femora. 
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The lesser trochanter and the posterior edge of the fragment were removed 
in order to create the posteromedial instabi l i ty that occur in unstable 
trochanteric fractures. The right femur was fixed with A O dynamic hip screw 
of 135°, 4 hole side plate and lag screw length of 100mm. The left femur of 
the same pair was fixed wi th gamma nail of 135°, 12mm diameter, and 
100mm lag screw. The setup was fixed into the testing j ig with plaster of 
Paris and tested in the Instron machine (Figure 3.6) to failure under the 
following conditions: 
Environmental condition: 20 ° C in air-conditioned room 
Direction of load application: 25 to vertical in the frontal plane, 
a long antevers ion angle i n the 
lateral plane 
Cross head speed: 0.2mm per second 
Duration of the test: 200 seconds 
Data sampling rate: 1 per second 
The mode of response and the failure mode were noted throughout 
the tests. X-rays of the specimens were taken before and after the test to 
study the nature of fracture impaction, cutout and penetrat ion and the 
modes of failure of the fixations. 
The stat is t ica l calculat ions were pe r f o rmed w i t h the s tat is t ic 
programme "Stat View 11" on a Macintosh I ls i computer. The various data 
sets were plotted as scattergraphs and the best curve fit was obtained using 
regression analysis. Load deformation curves were generated. The maximum 
load (Fm) that could be supported, the load (F^ ) at f a i l u re and the 
displacement (^L) to failure were read from the curves. Student t-test was 
used in the statistic comparison. Qualitatively, the mode of failure and the 
interactions between the implant and the bone were studied. 
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Figure 3.6 The Set Up of the Test of the Cadaveric Model in the Instron Machine. 
Page 50 
Chapter J V 
III.2 THE RANDOMIZED PROSPECTIVE TRIAL ON THE USE OF 
GAMMA NAIL AND DYNAMIC HIP SCREW IN THE 
TREATMENT OF PERITROCHANTERIC FRACTURES AMONG 
GERIATRIC PATIENTS 
The sl id ing nai l plate or ig inal ly designed by Pohl in 1953 and 
subsequently modif ied into numerous versions is the most widely used 
implant today. The need for considerable dissections during implantation 
and the laterally fixed side plate make them far f rom ideal in the modern 
concept of fracture treatment (McKibbin, 1978; Latta et al, 1980; Schenk, 
1986). The gamma nai l was introduced with the concept of a sliding lag 
screw and intramedullary femoral shaft fixation. The intramedullary fixation 
medialises the femoral component and at the same time enables the implant 
to be fixed with closed procedure, thus minimizes surgical trauma. This study 
compares the results of treating peritrochanteric fractures with one of the 
sliding nail plate systems - dynamic hip screw and the results with gamma 
nail. 
Patients 
Patients older than 65 years old were included in the study. Their 
premorbid mobil i ty status, concomitant medical conditions and the social 
background were recorded. 
Fractures 
The fractures were classified anatomically into pertrochanteric, and 
intertrochanteric with or without subtrochanteric extension. The concept of 
stability of the fractures proposed by Evans (Evans, 1949) and subsequently 
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modi f ied by Jensen and Michaelsen (Jensen, 1980a) was used in the 
classi f icat ion of stable and unstable categories. Pure subtrochanter ic 
fractures were excluded because the dynamic hip screw system was not 
ind icated in these fractures and the comparisons might not be val id . 
Pathological fractures were also excluded because their unpredictable follow-
up period. 
Method 
The treatment protocol (Figure 1.4) of the geriatric hip fractures 
included basic laboratory investigations which consisted of the study of 
a r te r i a l b lood gas, haemoglob in level and renal f u n c t i o n test. 
Electrocardiogram was routinely done. X-ray studies, including chest and 
pelvis, were routinely carried out. Any concomitant medical problems were 
stabilized with the help of physicians and anaesthetists. The operation was 
carried out as soon as the patient was stabilized medically. Intravenous 
Cefazolin was used in all patients as prophylactic antibiotic. 
The opera t ion was per fo rmed under e i ther general or sp ina l 
anaesthesia. With the patients in supine position on the traction table, closed 
reduct ion was carried out under fluoroscopic control. The Leadbetter 
(Leadbetter, 1933) method was commonly employed. The fracture was 
reduced as anatomically as possible. The traction was then maintained by 
traction with the boot. Slight lateral flexion of the trunk to the opposite side 
of the fracture helped to gain better access of the proximal femur and the 
trochanter. 
The method of f ixation was randomly assigned according to the 
sequence of admission. The standard operative procedures (Regazzoni et al, 
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1985; Grosse and Taglang, 1990) were employed w i th modi f icat ions 
(Appendix 4). 
Post-operatively, immediate mobilization was undertaken. Weight 
bearing walk ing exercise was started as soon as the pat ients ' general 
condition was fit. Patients were discharged when they regained independent 
walking with or without aids. 
The patients were seen in the trauma clinic at intervals of 6 weeks, 3 
months and 6 months after the operation. During each follow-up, X-ray f i lm 
of the injured hip was taken and the patient was assessed according to the 
assessment chart (Appendix 3). 
Assessment 
The assessment included the technical assessment of the operation 
and the c l in ica l assessment of the patients. The technical assessment 
included the operative procedure, the duration of operation, the choice of 
the implant used and the amount of blood loss dur ing operation. The 
amount of blood loss during operation was calculated with the following 
formula: 
Blood loss (ml) = un i t of b lood transfused x 350 - 500 x (post-
operat ive haemog lob in leve l 一 p reopera t i ve 
haemoglobin level) - volume of post-operative 
drainage(ml) 
Unit of blood transfused = unit of blood transfused post-operatively, 
Preoperative haemoglobin level = haemoglobin level immediate before operation, 
Post-operative haemoglobin level = haemoglobin level after all transfusion during the 
post-operative period, 
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Assuming: 1. Average volume of blood per unit transfused = 350ml 
2. Drop in 1 Gm of Haemoglobin = 500ml 
The clinical assessment included the post-operative ambulatory status 
of the pat ients , the hea l ing of the f ractures, the imp lan t and bone 
interactions and the functional status of the hip involved. 
The measurement of the sliding of the lag screws on sequential X-ray 
films was carried out with the method described by Doppelt (Doppelt, 1980) 
for the Dynamic H i p screws and the method developed by the author 
(Appendix 5) for gamma nails. 
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1113 THE ANTHROPOMETRIC STUDY OF PROXIMAL FEMORA IN 
CHINESE AND THE APPLICATION OF THE 
ANTHROPOMETRIC DATA IN THE MODIFICATION OF 
GAMMA NAIL 
With the early experience of treating 50 peritrochanteric fractures 
w i th gamma nai ls (Leung et al, 1989), the prob lems re la t i ng to the 
i n t ramedu l l a r y component were ident i f ied . The i n t ra -ope ra t i ve 
complications reported were thought to be related to the mismatch of the 
geometry of the nail to the Chinese femora. The post-operative thigh pain 
was also thought to be related to the tip of the long femoral component that 
impinged onto the femoral cortex (Figure 3.7). The impingement problem 
was more common in geriatric patients with excessive anterior bowing. The 
mismatch of the nail was identified to be in the three aspects: the total length 
of the nail, the diameters of the distal and proximal portion and the medio-
lateral angle. The intramedullary component of the gamma nail is one of the 
s ign i f icant d i f ferences f r o m other avai lable f i xa t i on devices. The 
intramedullary fixation of the femoral component enables the operation to 
be done with closed means which decreases significantly the surgical trauma. 
The problems of the mismatch of the nail to Chinese femora must be studied 
in order to improve the results of the gamma nail among Chinese patients. 
Material and Method 
30 embalmed cadaveric intact Chinese femora were used. Their age 
and sex were noted. The length from the tip of the trochanter and the lateral 
condyle were measured as the total length. The anteversion angle of the 
neck was determined wi th the method described by Hoaglund and Low 
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Figure 3.7 X-ray Films showing Impingement (arrow) of the Tip of the Gamma Nail 
onto the Anterior Cortex of the Femur and the Tight Fitting of the Nail. 
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(Hoaglund and Low, 1980). The proximal 300mm femur (Figure 3.8) was 
removed for X-ray in frontal and lateral planes. The X-ray on the frontal 
plane were taken with two different methods. The first one was taken with 
the femur in its anatomical frontal plane and the second was taken with the 
head and the trochanter touching the f i lm so as to eliminate the anteversion 
effect on the X-ray fi lm. The first frontal f i lm gave the true frontal view of 
the greater trochanter and shaft. The second frontal f i lm gave the true 
frontal view of the head, the neck and the neck shaft angle. The lateral f i lm 
was taken with the femur in its anatomical position. 
To determine the mediolateral angle formed by the long axis of the 
trochanter and the shaft of the femur (Figure 3.9), a point was marked at the 
most proximal point on the midl ine axis of the femoral shaft where the 
cortical thickness was uniform. A line was drawn to connect this point to the 
tip of the greater trochanter. The angle formed by this line and the midline 
axis of the femoral shaft was designated as the mediolateral angle. 
The anterior mid-l ine of the proximal femur was then marked by 
making an indentation with the electric saw and sectioned at an interval of 
10mm perpendicular to this mid-line axis (Figure 3.10). Each segment of the 
femur was care fu l l y labe l led and X- ray f i l m was taken w i t h 1 to 1 
magnification (Figure 3.11). The following data were collected: 
1. Total length 
2. Anteversion angle 
3. Neck shaft angle (a) 
4. The mediolateral angle (B) 
5. Diameter of head in lateral(A) and frontal(B) planes 
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Figure 3.9 Schematic Drawing showing Measurements Taken from X-ray Films. 
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Figure 3.11 X-ray Films of Cross-sections of the Proximal Femur for Measurement of 
Inner and Outer Diameters. 
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6. Narrowest diameter of neck in la te ra l (C) and f r o n t a l ( D ) 
planes 
7. Distance from centre of head to lateral cortex along neck shaft 
angle axis(E) 
8. Distance from the tip of the greater trochanter to the neck-
shaft angle axis along the mediolateral axis(F) 
9. Outer(a--a) and inner(x--x) diameters of each cross section 
along the frontal plane 
10. Outer(b--b) and inner(y--y) diameters of each cross section 
along the lateral plane 
The data collected were calculated for the range, the mean and the 
standard deviation. The size of the femoral shafts were plotted against the 
distance from the tip of the greater trochanter. 
The data generated were used to modify the design of the femoral 
component of the gamma nai l . C l in ica l t r ia l was carr ied out w i th the 
modified prototype by using the same assessments as in Section III.2. The 
intra-operative and the post-operative complications and the funct ional 
outcome were compared with those fractures fixed with the standard nails. 
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n i . 4 METHOD OF STATISTICAL ANALYSIS 
Statistical analyses were carried out with the help of Dr. J. Hui. For 
variables measured on interval scale and ordinal scale, student's t test and 
Wilcoxon rank sum test were used respectively. For data measured on 
normal scale, either Chi-square test or Fisher's exact test, depending on the 
expected count, was employed. In al l statistical tests, the difference was 




”I pass with relief from the tossing sea of 
cause and theory to the firm ground of result 
and fact" 
-The Malakand field force，1898 
Winston Churchill (1874-1965) 
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IV. 1 THE BIOMECHANICAL ANALYSIS OF THE GAMMA NAILS AND 
THE DYNAMIC HIP SCREWS 
IV.1.1 The Sliding Characteristics of Gamma Lag 
Screw 
The lag screw slid readily without the application of any load in 
situations where the set screw was not inserted and where the set screw was 
loosened by backing off for 90°. With the set screw loosened by backing off 
for 60°, 18 compression tests were done. The results of two of the 18 tests 
were discarded because of the mal-alignment of the screw to the cross head 
of the Instron machine. The results of the other 16 tests were analyzed and 
are presented in Figure 4.1. 
Wi th the set screw loosened by backing off for 60°, the mean force 
that init iated the sliding of the lag screw was 79 + / - 41 newtons. The 
displacement was linear with the gradient of 1.5 kilonewtons per millimeter. 
4 lag screws showed jamming(Fj細ming = 545 + / - 67 newtons) after an 
i n i t i a l s l ide and the s l id ing cont inued w i t h a smal ler g rad ien t (0.55 
kilonewton per mil l imeter) unti l the load reached to about 1500 newtons 
where an abrupt fall in the load signified that free sliding had occurred. The 
other 12 tests ended with an abrupt decrease in the load recorded and free 
sliding at a much smaller load. 
No deformity of the implant was observed. 1 to 2 mm indentations on 
the groove of the lag screw were observed (Figure 4.2). 
Eight tests were performed with the set screw screwed tightly. The 
result of one test was discarded because of an error in the tightening; the 
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Figure 42 Slight Indentation (arrow) of the Lag Screw Groove after Testing. 
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results of the other seven tests are shown in Figure 4.3. 
The mean force that initiated the sliding of the lag screw was 940 + / -
41 newtons. The gradient of slope at the linear part was 1.6 kilonewton per 
millimeter. Continuous displacement was observed up to the maximum load 
(5000N) that the machine could apply. 
3mm inden ta t i on was observed in the set screw groove of a l l 
specimens. There was also a depression 5mm long on the surface of the lag 
screw. No deformity was observed in the lag screw alignment. M in ima l 
bending of the set screw was observed in three of the set screws (Figure 4.4). 
IV. 1.2 The Biomechanical Behaviour of Gamma Nail 
and Dynamic Hip Screw 
Eight pairs of cadaveric femora were harvested in the postmortem 
room. The age, sex, the X-ray measurements and bone densitometry 
measurement were recorded (Appendix 6). The bone densities were within 
normal limits and were higher than the Chinese patient with hip fractures 
(Lau et al, 1990; Pun and Wong, 1990). 
Eight tests were done with femora fixed with gamma nails and eight 
were done for the dynapiic hip screws. Two of the results from the gamma 
nail group were discarded because of the malpositioning of the lag screw in 
the neck of the femur. One of the results of the dynamic hip screw group was 
discarded for the same reason. 
The load deformation curves are shown in Figure 4.5 and Figure 4.6. 
The mean maximal load (Fm) for the gamma nail was 8.16 + / - 0.775 
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Figure 43 Load-displacement Curve of the Lag Screw with Set Screw Inserted Tightly. 
Figure 4.4 Slight Bending of Set Screw Noted after Testing with Set Screw Tightly 
Inserted. 
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Figure 4.5 Load Deformation Curve of Unstable Trochanteric Fractures in Cadaveric 
Femora Fixed with Gamma Nails. 
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Figure 4.6 Load Deformation Curve of Unstable Trochanteric Fractures in Cadaveric 
Femora Fixed with Dynamic Hip Screws. 
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k i lonewtons and that for the dynamic h ip screw was 4.2 + / - 0.78 
kilonewtons. The difference was significant (P<0.05). The mean load at 
failure ( F J was 7.37 + / - 0.829 kilonewtons for gamma nail and that for 
dynamic hip screw was 3.4 + / - 0.38 kilonewtons. The difference was 
significant (P< 0.005). The mean displacement at failure was 34 + / - 3.67mm 
for gamma nail and 39 + / -4 .5mm for dynamic hip screw. The difference was 
significant (P<0.05). The "stiffness" of the gamma nail systems was 1.91 
ki lonewtons per mi l l imeter and that for dynamic hip screw was 1.55 
kilonewtons per millimeter. The difference was significant (P<0.05). 
The modes of failure are shown in the Table 4.1. 
Table 4.1 
Modes of Failures of Unstable Trochanteric Fractures in 
Cadaveric Femora Fixed with Gamma Nails and Dynamic Hip Screws 
Superior Fracture Bending Femoral 
Cut-out Shaft Lag Screw Component 
Gamma Nail 6 1 3 0 
DHS 2 1 7 2 
Typical examples of failure of the two systems are shown in Figure 4.7 
and Figure 4.8. 
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IV.2 CLINICAL STUDIES 
IV.2.1 Randomised Prospective Trial of Gamma Nail 
and Dynamic Hip Screw in the Treatment of 
Peritrochanteric Fractures 
A total of 273 patients with peritrochanteric fractures were operated 
during a per iod of 17 months. 12 patients died w i t h i n 4 weeks post-
operatively, the operative mortality for the gamma nail group was 4.7% and 
that for the dynamic hip screw group was 3.9%. The total operative mortality 
rate was 4.4%. The causes of the post-operative deaths are listed in Table 
4.2. 28 patients died within the first 6 months after the operation (Table 4.3). 
With the exclusion of the pure subtrochanteric fractures and pathological 
fractures, 185 patients with 186 fractures were studied and analyzed. The 
average follow-up period for the gamma nail group was 7.5 months and that 
for the dynamic hip screw group was 6.8 months. 
92 patients with 93 fractures were treated with gamma nails and 93 
patients w i th 93 fractures were treated w i th dynamic hip screws. The 
demographic data, the fracture patterns and the premorbid conditions of the 
patients are shown in Table 4.4. 
Table 42 
Causes of Postoperative Mortality in Patients Treated 
with Gamma Nails and Dynamic Hip Screws 
Gamma Nail DHS Total 
Chest Infection 2 3 5 
Heart Failure 2 0 2 
Renal Failure 2 2 4 
Aspiration 1 0 1 
Total 7 (4.8%) 5 (3.9%) 12 (4.4%) 
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Table 43 
Causes of Mortality within 6 months after Operation in 
Patients Treated with Gamma Nails and Dynamic Hip Screws 
Gamma Nail DHS Total 
Chest Infection 2 3 5 
Heart Failure 1 4 5 
Renal Failure 4 1 5 
Cerebrovascular Accident 1 2 3 
General Debilitation 4 3 7 
Unknown 1 2 3 
Total 13 15 28 
Table 4.4 
Demographic Data, Premorbid Conditions and Fracture Patterns of 
Patients Treated with Gamma Nails and Dynamic Hip Screws 
Gamma nail Dynamic Hip Screw Significance 
Sex (Male: Female) 25:68 30:63 P* > 0.05 
Age ‘ 80.86+ /-8.41 78.27+/-9.46 P+>0.05 
Side of Fracture ( L : R) 57:36 50:43 P*>0.05 
Premorbid Mobility = 0.052 
Independent 58 (62.4%) 44 (47.3%) 
Aided 34 (36.6%) 44 (473%) 
Chair/bed Bound 1 (1.0%) 5 (5.4%) 
Anesthetic Risks P# > 0.05 
Grade 1 15 (16.1%) 10 (10.7%) 
Grade 2 47 (50.5%) 42 (45.2%) 
Grade 3 23 (24.7%) 38 (40.9%) 
Grade 4 8 (8.7%) 3 (3.2%) 
氺 
Social Background P >0.05 
Admitted from 
Home 74 (79.7%) 64 (68.8%) 
Institute 19 (20.3%) 29 (31.2%) 
* 
Fracture Pattern P >0.05 
Evans’ Classification 
Stable 30 (32.3%) 20 (21.5%) 
Unstable 63 (67.7%) 73 (78.5%) 
*Chi-square Test + Student's T Test #Wilcoxon，s Rank Sum Test 
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Assessment of Operation 
The results of the assessment of the operation are listed in Table 4.5. 
Table 4.5 
Assessment During Operations of Gamma Nails and Dynamic Hip Screws 
Gamma Nail Dynamic Hip Screw Significance 
Time of Operation 
Days after Fracture 2.0 + /-1.27 2.2 + j-111 P+〉0.05 
Radiation Duration (sec.) 
Stable Fractures 30.41 + /-2.87 48.47 + /-5.02 P + < 0,0377 
Unstable Fractures 41.90 + /-10.39 71.91 + /-15.22 P + < 0.0009 
Duration of Operation (min.) P +〉0.05 
Stable Fractures 32.3 + /-2.05 48.4 + /-2.84 
Unstable Fractures 42.9 + /-9.78 53.2+/-10.92 
Blood Loss (ml) 
Stable Fractures 765.2+/-644.78 1157.86 + /-609.66 P + = 0.069 
Unstable Fractures 837.85 + /-497.17 1012.29 + /-477.18 P + 二 0.047 
Length of Incision (cm) P + = 0.0001 
Stable Fractures 8.9 + /-1.63 15.9+/-1.63 
Unstable Fractures 8.9 + /- l .Ol 15.5 + /-1.68 
Operator's Feedback 〉0.05 
Stable Fractures 
Easy 8 (26.7%) 4 (20.0%) 
Usual 21 (70.0%) 15 (75.0%) 
Difficult 1 (3.3%) 1 (5.0%) 
Unstable Fractures 
Easy 15 (23.8%) 12 (16.4%) 
Usual 42 (66.7%) 54 (74.0%) 
Difficult 6 (9.5%) 7 (9.6%) 
二 Student's T Test 
#Wilcoxon，s Rank Sum Test 
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Post-operative Assessments 
T h e results o f the post-operat ive c l in ica l assessments are l i s ted i n 
Table 4.6. 
Table 4.6 
Post-operative Clinical Assessments of Trochanteric Fractures 
Treated with Gamma Nails and Dynamic Hip Screws 
Gamma Nail Dynamic Hip Screw Significance 
Duration of Hospital Stay (days) 
In Acute Hospital P +〉0.05 
Stable Fractures 9.2+/-6.43 10.7 + /-6.27 
Unstable Fractures 9.5 + /-3.38 9.6 + /-4.46 
In Convalescent Hospital 
Stable Fractures 17.7 + /-11.97 15.4+/-10.86 P+〉0.05 
Unstable Fractures 15.9 + /-8.2 19.1 + /-10.34 P + = 0.06 
Time of Full Weight Bearing Walking Started (weeks) 
Stable Fractures 1.3 + /-0.88 1.9 + /-0.89 P + = 0.0453 
Unstable Fractures 1.2+/-0.64 1.7 + /-0.76 P+=0.0009 
Post-operative mobility 
Stable Fractures P# > 0.05 
Independent 12 (40%) 8 (40%) 
Aided 11 (36,7%) 11 (55%) 
Chair/Bed Bound 7 (23.3%) 1 (5%) 
Unstable Fractures P#〉0.05 
Independent 22 (34.9%) 23 (31.5%) 
Aided 36 (57.1%) 42 (57.5%) 
Chair/Bed Bound 5 (8.0%) 8 (10.9%) 
Total ROM of Hip (degrees) 
Stable Fractures 124.5 + /-64.34 154.4 + /-18.96 P + = 0.0501 
Unstable Fractures 152.9 + /-29.53 151.8 + /-17.23 P +〉0.05 
Pain in Hip P@〉0.05 
Stable Fractures 8 (26.7) 5 (25%) 
Unstable Fractures 14 (22.2%) 27 (40%) 
Pain in the Thigh P@ > 0.05 
Stable Fractures 4 (13.4%) 5 (25%) 
Unstable Fractures 7 (11.1%) 3 (4.1%) 
二 Student's T Test 
MVilcoxon's Rank Sum Test 
@Fisher，s Exact Test 
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Radiological Assessments 
The results of the radiological assessments are shown in Table 47. 
Table 4.7 
Post-operative Radiological Assessments of Trochanteric Fractures 
Treated with Gamma Nails and Dynamic Hip Screws 
Gamma Nail Dynamic Hip Screw Significance 
Fracture Healing 
Stable Fractures P# = 0.0582 
Healed 27 (90%) 19 (95%) 
Healed with <10° varus 
Displacement 2 (6.7%) 1 (5%) 
Nonunion 1 (3.3%) 0 (0%) 
Unstable Fractures > 0.05 
Healed 58 (92.6%) 68 (93.2%) 
Healed with <10° varus 
Displacement 5 (7.9%) 5 (6.8%) 
Sliding of Lag Screws (mm) P + > 0.05 
Stable Fractures 6.86 + /-10.16 4.88 + /-3.65 
Unstable Fractures 6.55 + /-5.8 5.61 + /-5.88 
+Student's T Test 
#Wilcoxon，s Rank Sum Test 
Complications 
The perioperative complications are listed in Table 4.8. 
Table 4.8 
Per-operative Complications of Gamma Nails and Dynamic Hip Screws 
Gamma Nail Dynamic Hip Screw 
Failure of Reduction 1 2 
Fracturing of Lateral 
Cortex 3 2 
Breakage of Dri l l 1 2 
Jamming of Nail 3 0 
Displacement of Fracture 
During Operation 2 4 
Failure of Distal Locking 3 0 
14.0% 10.8% 
Chi-square Test P=0.048 
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The post-operative complications are listed in Table 4.9. 
Table 4.9 
Post-operative Complications of Trochanteric Fractures 
Treated with Gamma Nails and Dynamic Hip Screws 
Gamma Nail Dynamic Hip Screw 
Infection 1 3 
Superior Cut-out 2 3 
Fracture of Shaft 2 0 
Shortening (> 20mm) 3 2 
External Rotation 2 1 
Varus Displacement (>10°) 2 2 
12.9% 11.8% 
Fisher's Exact Test P>0.05 
IV.2.2 Comparisons between the Clinical Use of 
Standard and the Modified Gamma Nails 
The clinical results of treating 41 peritrochanteric fractures with the 
modif ied gamma nails were compared with 93 peritrochanteric fractures 
f ixed w i th standard gamma nails (Figure 4.9). The same parameters of 
comparison between the dynamic hip screw and gamma nai l were used. 
Special comparisons were made among the intra-operative complications, 
post-operative complications and functional outcome: 
Table 4.10 
Distribution of Patients and Fracture Patterns Among 134 Fractures 
Treated with Standard and Modified Gamma Nails 
Standard Modified 
Nails Nails 
Number of Patients 92 41 
Stable Fractures 30 15 
Unstable Fractures 63 26 
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Table 4.11 Incidence of Per-operative Complications 
Standard Modified 
Nails Nails 
Fracture of Lateral Cortex 3 0 
Fracture Displacement by Nail Insertion 2 1 
Jamming of Nails 3 0 
Failure of Distal Locking 3 1 
Dri l l Breakage 1 0 
Failure of Reduction 1 0 
Percentage 14% 4.9% 
Chi-square Test P<0.05 
Table 4.12 Incidence of Post-operative Complications 
Standard Modified 
Nails Nails 
Wound Infection 1 1 
Superior Cut-out 2 0 
Varus Displacement (>10°) 2 1 
External Rotation 2 0 
Shortening (> 20mm) 3 0 
Shaft Fracture 2 0 
Percentage 12.9% 4.9% 
Fisher's Exact Test P=0.095 
Table 4.13 Incidence of Post-operative Thigh Pain 
Standard Modified 
Nails Nails 
< 3 months 50 (54.3%) 5 (12.2%) 
> 3 months 11 (12.4%) 1 (2.4%) 
Chi-square Test P<0.0001 
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J^B 
Figure 4.9 X-ray Films of Trochanteric Fractures Fixed with Modif ied (M) and 
Standard (S) Gamma Nails. 
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I V . 3 THE ANTHROPOMETRIC STUDY OF PROXIMAL CHINESE 
FEMORA AND THE APPLICATION OF ANTHROPOMETRIC 
DATA ON THE MODIFICATION OF GAMMA NAILS 
The results of the measurement are tabulated in Table 4.14: 
Table 4.14 
Range，Mean and Standard Deviations of Anthropometric 
Measurements of 30 Chinese Femora 
Range Mean + S.D. 
Age 45-75 62.56+ /-7.62 
The Total Length of the Femur 345-405 373.17 + /-19.59mm 
Anteversion Angle -4 ° -33。 17.97 ° + /-9.14 ° 
Medio-lateral Angle 3°-10° 6.4°+ /-1.9 ° 
Neck-shaft Angle 119 °-145 ° 133.5。+ /-4.98 ° 
A 39-55mm 47.58 +/-7.19mm 
B 40-56mm 49.85 +/-3.74mm 
C 25-42mm 33.83 + /-3.39mm 
D 21-34mm 26.74 + /-2.92mm 
E 62.5-95mm 80.89 + /-7.82mm 
F 37.0-53.5mm 44.70 +/-5.41mm 
The outer and inner diameters in frontal and lateral planes with the 
relationship to each segment are presented in the Figures 4.10, 4.11，4.12, 
4.13，4.14. 
The narrowest diameter in the frontal plane was found to be 12.45 
+ / - 1.91mm at the level 190mm from the tip of the greater trochanter; on 
the lateral plane, the narrowest diameter was found to be 15.59 + / - 2.76mm 
at the level 200mm from the tip of the greater trochanter. 
The results provided useful geometric parameters for the modification 
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Chapter J V 
prototype of gamma nail (Figures 4.15, 4.16) was produced. The length of 
the nail was shortened to 160mm so that the tip of the nail would not impinge 
on the cortex of the femur with excessive anterior bowing (Figure 4.17). The 
diameter of the nail was also decreased to fit the smaller diameter of the 
Chinese femora. The mediolateral angle was 7。which was more anatomical 
and might decrease the chance of f ractur ing the la tera l cortex. The 
differences of this prototype from the standard nails were tabulated in Table 
4.15: 
Table 4.15 
Geometric Differences between Standard and Modified Gamma Nails 
Standard Modified 
Nails Nails 
Total Length (mm) 200 160 
Proximal Diameter (mm) 17 17 
Distal Diameter (mm) 12,14,16 11 
Medio-lateral Angle (。) 10 7 
Page 82 
Chapter J V 
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Figure 4.17 Trochanteric Fracture Fixed with Modified Gamma Nail. Noted the Tip of 
the Gamma Nail is Free from the Cortex of the Femur. The Alignment of 




"I will not cease from mental fight, nor shall 
my sword sleep in my hand" 
--Milton, Preface 
William Blake (1757-1827) 
f 
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The modern concept of early operative treatment of peritrochanteric 
fractures forms the basis of the management of these common fractures 
among geriatric patients. Comminutions in the fractures are frequent 
because of osteoporosis. Concomitant medical diseases are common. In 
these patients the main goal of the treatment is to regain early mobilization 
in order to avoid fata l compl icat ions of pro longed bed rest. Ear l y 
ambulation, however, nearly always means ful l weight bearing walking in 
these elderly patients because they are too weak to try and succeed on staged 
or partial weight bearing walking. It is therefore obvious that the results of 
operative treatments would be affected by the general physique (Beals, 
1972; Dahl, 1980; Holmberg and Thorngren, 1987)，the fracture pattern 
(Doppelt, 1980; Jensen et al, 1980b; Tronzo, 1987)，the bone quality (Laros, 
1980; Za in Elabdien et al, 1985)，the operative technique (Al tner, 1978; 
Wolfgang et al, 1982; Manoli, 1986; Simpson et al, 1989; Davis et al, 1990) 
and the choice of implants (Holt , 1963; Kauffer et al, 1974; Jacobs et al, 
1976; Jensen et al, 1980a; Sherk and Foster, 1985; Sernbo et al, 1988; 
Bannister et al, 1990). The bone quality of these fractures is usually poor 
and it is the factor that we cannot change with our present knowledge. The 
change of the fracture pattern from an unstable to a stable one by surgery 
always means a major surgical intervention which is technically demanding 
and also undesirable in these patients with very compromised physiological 
reserve. The general physique of the pat ients cannot be changed 
immediately, those short of perfect health w i l l be most incapable of 
withstanding surgical trauma and surgical complications. The operative 
technique certainly depends on experience. Wi th the large number of 
patients, it is obvious that these fractures have to be treated by surgeons with 
different levels of experience. The availability of an "user-friendly" type of 
instruments and implants will decrease the incidence of complications due to 
technical error. The choice of the implant is important in the outcome of 
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the fractures. In the review of the historical events, the use of the fixed-
angle, non-sliding implants led to frequent complications. The inevitable 
collapse of the fractures due the impaction of the cancellous bone during 
healing and weight bearing led to the high incidence of implant penetrations 
into the acetabulum and cut-out of the femoral head. Implants which allow 
guided collapse of the fractures give the least complication. The sliding of the 
screw not only prevent perforations, it also improve the weight bearing 
capacity of the implant by allowing better bone contacts and reducing the 
moment arm. 
The Gamma nail is one of the implants that allows guided collapse of 
the fractures by a specially designed lag screw and set screw system. As in 
any sliding device, the sliding characteristics are determined by two factors: 
1. The coefficient of friction of the material, and 
2. The geometry of the device. 
These in turn determine the maximal static frictional force (F^爪似).For the 
sliding to occur, the force that initiates the sliding must be greater than the 
maximal static frictional force between the two components of the device 
(Figure 5.1). The maximal static frictional force can be determined by the 
following analysis (Figure 5.2): 
W i th the sliding device f ixing the trochanteric fractures, the force 
acting on the hip jo int can be resolved into two components in the frontal 
plane. F " is the component which acts along the direction of the femoral 
head and neck axis and it tends to collapse the major fragments together. It 
plays an important part in the sliding action of the lag screw. F丄 is the 
component that acts perpendicular to F " and i t also affects the sliding 
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Figure 5.1 Sliding of the Lag Screw is Affected by the Initiating Force F/ / and the Static 
Frictional Force (f). 丨丨 
F ‘ I "i 
一 
C > V/ O _ f 
Figure S2 Force Diagram in the Determination of Maximal Static Frictional Force. 
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action. As in Figure 5.2, the lag screw might be regarded as being pivoted at 
O. Taking moments, the force F^ can be calculated as 
F i X / 二 F丄 X L 
then F^ = Fj_ X L / / 
i f 71 is the ratio L//，then 
Fi = nF丄 (1) 
For equilibrium and if the force acting at O is F^, we have 
=F丄 + nF± 
= F ± ( n + 1) (2) 
For sliding to occur, the maximal static frictional force(F^,”似)which has to 
be overcome equals to 
= 以 ( F i + F , ) 
where u is the friction coefficient of the material that makes up the implant. 
By substituting the equations(l) and (2)，we have 
- F — = u { n F ^ + F丄(n + 1)} 
=wF丄(2n + 1) (3) 
therefore the force which acts along the axis of the femoral head and neck 
(F丨 j ) must be greater the F加似 in order to initiate sliding: 
F / / > u V J l n + 1) (4) 
For a given neck shaft angle of fixation, the smaller the value of n’ the easier 
would be the initiation of the slide since w is a constant and F " and F丄 are 
related. Referring to Figure 5.3, angle G equals to 180° - - 3 ° . In 
patients wi th trochanteric fracture fixed with gamma nail, n can be 
calculated with the knowledge of the force acting on the hip. 
The forces acting around the hip have been worked out by various 
workers (Williams and Svensson, 1968; McLeish and Charnley, 1970; Paul, 
1971; Rydell, 1972; Black, 1974; Davy et al, 1988). The recent report f rom 
Page 89 
Chapter J V 
F 
A 
= F SInO 
F : FcosO 
Figure 53 Vector Analysis of Force Components on Implant with A ° Angle. F = total 
Force on the Hip. Angle of Inclination of Force F to Vertical. A ° Angle 
of the Implant. 
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Bergmann et al (Bergmann et al, 1990) shows that in normal slow walking, 
the h ip j o i n t load is in the range of 260% to 300% body weight . The 
direction of the force relative to the long axis of the femur is 21° to 24° f rom 
the medial in the frontal plane. In the transverse plane, the angle of load 
application is around 10° from ventral. Taking the average of the angle in 
the frontal plane to be 22°, then 
e = 180。- 2 2 。 - A 。 
= 1 5 8 ° - A 。 
Referring back to Figure 5.3: 
F " 二 F丄 x l / t a n e (5) 
substituting (5) to (4)，for the lag screw to slide, we have 
F丄 X 1/tan e > uF±(2n + 1) 
or 1/tan e > u{2n + 1) (6) 
In gamma nai l of 135 ° neck-shaft angle, the f r i c t ion coeff icient of the 
material that makes up the implants (Orthinox^) is 0.2 (Howmedica, 1990)， 
the value of n can be calculated: 
1/tan 2 3 。 = 0.2(2« + 1) 
0.4n = 1/tan 23° - 0.2 
n = (2.36 - 0.2)/0.4 
=5 .4 
This indicates that for the 135 ° gamma nail, jamming wi l l occur when L / / is 
greater than 5.4，i.e. i f the length of the lag screw in the neck and head 
port ion is more than 5.4 times the length in the barrel. The value of n for 
125° gamma nail is 3.3, for 130° nail it is 4.2 and for 140'' it is 7.2. 
I n the treatment of trochanteric fractures wi th the gamma nail, we 
have no control over the length L because the lag screw must be placed well 
into the femoral head and neck to obtain optimal fixation. The length of the 
barrel is constant for nails of the same angle. In the 135° nail, the effective 
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length of the barrel is 21mm. The calculated ratio of L / / is 5.4. The length of 
the lag screw in the head and neck(L) has to be less than 113.4mm in order 
to have sliding. However this figure might not reflect the exact value of 
maximal static frictional force in the system because of the unique design of 
the set screw that is inserted to prevent rotation of the lag screw (Figure 3.3). 
This would increase the fr ict ion between the lag screw and the barrel. The 
increase in the friction coefficient u would decrease the maximal value of n 
and hence the length L for sliding of the lag screw to occur. 
In the mechanical tests, the readiness of the sliding of the lag screw 
was demonstrated. Wi th the set screw loosened by backing of f for 60° 
(Figure 4.1) (which was recommended by the designer as the standard 
operative procedure (Grosse and Taglang, 1990))，the mean force required 
to initiate sliding was 79 + / - 4 1 newtons which is well below the force that is 
transmitted to the hip during weight bearing walking and non weight bearing 
exercise (Bergmann et al, 1990). Free sliding was observed in 75% of tests 
under a force in the range of 837 + / - 69 newtons. 25% of the tests showed 
jamming of the lag screws under the load of 545 + / - 67 newtons. Wi th 
higher load, continuous sliding with a smaller gradient was again observed in 
the group with init ial jamming. 
I n the tests wi th the set screw inserted tightly onto the lag screw 
grooves (Figure 4.3), the force (940 + / - 41newtons) that initiated the slide 
was also wi th in the physiological ranges of the hip joint force. Though the 
resistance of the slide was larger, continuous slide was observed in all tests. 
This is due to the special design of the lag screw grooves which get deeper 
towards the proximal end. The contact between the set screw and the lag 
screw groove decreases as the lag screw slide distally and hence decreases the 
frictional force. I t must be emphasized that all these events take place within 
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the normal physiological load of the hip joint during stance phase of the gait 
cycle (McLeish and Charnley, 1970; Paul, 1971; Rydell, 1972; Davy, 1988; 
Bergmann et al, 1990). This study showed that the sliding of the lag screw 
was not affected by the use of the set screw which prevented axial rotation. 
The mechanical arrangement of this design was proven to be an efficient 
s l id ing mechanism for the lag screw w i th the force act ing along the 
physiological axis. 
As regards the mechanical stability of unstable fractures f ixed wi th 
gamma nails and dynamic hip screws (Figures 4.5 & 4.6), there were no 
significant differences under loads within physiological ranges (for an 
average person with 60Kg body weight, the maximal load on the hip could be 
taken as 3 times the body weight, i.e. around 2000N). Fractures fixed with 
gamma nails showed slower rate of load buildup in this range (P<0.05). This 
might mean that the load applied was more readily shared by the impaction 
of the fracture fragments with the sliding of the lag screw. With higher load, 
the performance of the fractures was quite different. After the attainment of 
the maximal load (尸瓜)，the continuous impactions were shown as multiple 
spikes in the load deflection curves, a typical response of any sliding device 
(Sonstegard et al, 1974). The F^^ for gamma nail and dynamic hip screws 
were very different (P< 0.001). With further displacement, failure of the 
fixation systems occurred and was followed by a decreasing resistance to the 
continuous deformation. The load resistance to continuous deformity ( F J 
was different between the gamma nail and the dynamic hip screw groups 
(P< 0.001). This reflected the different modes of failure. In the gamma nail 
group, all the failures were due to the cut-out of the lag screw through the 
femoral head. The failure load for the gamma nai l was 7.4 + / - 0.83 
kilonewtons. Bending of the lag screw occurred in three specimens after the 
lag screws were compressed directly by the cross head of the Instron under a 
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load of 8500N. In the dynamic hip screw group, all failures were due to the 
bending of the lag screws with minimal cut-out at the load of 3.4 + / - 0.38 
kilonewtons. The relatively longer moment arm in the dynamic hip screw 
system might explain the frequent fai lure of the lag screw at lower load 
as compared to that caused by bending of the gamma lag screw. To 
summarize, the gamma nai l group showed bone fai lure in the form of 
superior cut-out under an average of 8000N, this was followed by implant 
failure in the form of lag screw bending. In the dynamic hip screw group, the 
failure happened at the implant with the bending of the lag screw and this 
happened in a significantly lower load. 
The results show that the gamma nail is mechanically stronger in 
resisting the vertical compression force. One of the contributing factors is 
the medial displacement of the fixation of the femoral component and the 
neck component. However, one must realize that the F^^ of both the gamma 
nail and the dynamic hip screw were well above the maximal load that the 
hip joint wil l experience by muscle contraction and weight bearing walking in 
vivo. This probably explains the low rate of implant fai lure in fractures 
treated by both systems. 
In fractures fixed with gamma nail, the extent of deformation before 
fai lure occurred was probably due to the posit ion of the lag screw in the 
inferior half of the femoral head. Measurements of the distance from the tip 
of the lag screw to the outer surface of the femoral head where the cross 
head was in contact during the compression tests corresponded to the length 
of plateau part ( L I - L2) of the load deformation curve of the gamma nail 
group. This increased the cut-out distance of the lag screw in case of cut-out 
and hence delayed the t ime for complete cut-out (Figure 5.4). Thus in 
patients with osteoporotic bone where the risk of superior cut-out is high, 
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Figure 5.4 Serial X-rays showing Unstable Trochanteric Fracture Fixed with Gamma 
Nail. The Superior Cut-out was Gradual and Stopped after Fracture Union. 
(Number in Months) 
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lengthening the cut-out time unt i l the fracture has healed w i l l certainly 
decrease the incidence of the superior cut-out. This finding further supports 
the need to place the lag screw in the inferior half of the femoral head and 
neck while fixing peritrochanteric fractures. 
The biomechanical tests were performed under wel l control led 
conditions. The fractures created were uniform in each specimen but could 
not be identical to those complex patterns in clinical practice. The complex 
clinical fracture patterns, which include large greater and lesser trochanter 
fragments, might cause signif icant changes in the magni tude and the 
direct ion of the forces that act on the hip under normal conditions. The 
forces that act on the surgically stabilized hip of a patient during ambulation 
would therefore be different f rom the normal situation which has been 
assumed in the experiment. Furthermore, the fracture reductions and the 
implant placement in the test specimens were close to ideal since both the 
entry point and the exit of the guide wire could be seen. Opt imal lag screw 
and nail placements were assured. This perfection is very difficult to achieve 
in c l i n i ca l pract ice. Nevertheless, the comparisons f o r m the basic 
understanding of the behaviour of the fixation device and the fracture as an 
integrated unit . The load deformation tests were part icular ly helpful in 
comparing the behaviour of the fractures that were fixed with the gamma nail 
to those with dynamic hip screw. The uniform behaviour f rom each group 
shows that the results are reliable. 
As a conclusion, the lag screw of the gamma nail was found to be able 
to slide readily under loads within the physiological range. When compared 
with the dynamic hip screw system, the gamma nail was found to be less stiff 
under loads within the physiological range. This is explained by the easier 
sliding capability of the gamma nail lag screw and the better bony impaction. 
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The ultimate strength of the gamma nail is greater than that of the dynamic 
hip screw. The failure of the gamma nail fixation started with bone failure 
followed by implant failure while with the dynamic hip screw, the failure 
started with implant failure under a much lower load. This can be explained 
by the different structural dimension as well as the medial placement of the 
femoral component of the gamma nail that decreases the moment arm of the 
varus force on the fixation system. 
The in vitro biomechanical tests give us the basic understanding of the 
behavior of the f ixation systems under well control led conditions, which 
could seldom be obtained in clinical situations. With the randomized clinical 
trial, a comparison could be made in the practical use of the gamma nail and 
the dynamic hip screw system. Among the different implants recommended 
for fixing peritrochanteric fractures, the dynamic hip screw system is one of 
the most widely used implants at this time. As one of the implants with a 
sliding device, the gamma nail was introduced in 1988 by Grosse with the 
following theoretical advantages over the dynamic hip screw systems: 
1. I t could be implanted by closed means which helped to 
minimize surgical trauma and infection rate, 
2. I t medialised the femoral component and hence decreased the 
moment arm of the varus force on the hip and behaved like a 
load sharing component. This would decrease the implant 
failure rate and, 
3. It allowed immediate full weight bearing after fracture fixation. 
The clinical trial was carried out to look into these differences and 
their effects on the final outcome of patients treated by the two methods. 
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The results of the prospective study showed that the demographic 
data，the premorbid conditions and the distributions of fractures patterns of 
both groups were simi lar . A l l these conf i rmed the randomizat ion was 
satisfactory. The operative mortalit ies were mainly due to concomitant 
medical abnormalit ies. They were similar between the two groups. The 
functional return of the two groups of patients was similar; there was similar 
decrease in the mobil ity status of the two groups of patients. This was also 
our f inding in the review of the results of al l the geriatric patients wi th 
proximal femoral fractures (Table 1.5). The functions of the limbs involved 
were also very s imi lar among the two groups. No di f ference could be 
demonstrated with respects to the total ranges of motions, pain in the hips 
and in the thigh. Pain in the thigh of the two groups were due to different 
mechanisms. In the gamma nail group, i t was thought to be due to the 
impingement of the nail tip on the femoral cortex and the axial instability of 
the femoral component (Cameron et al, 1990). The incidence of the thigh 
pain could be much decreased with the modification of the implant. In the 
dynamic hip screw group, the thigh pain was due the relatively extensive 
surgical scar and dissections. 
As to the fracture healing, similar magnitude of sliding of the lag 
screws was found though the methods of measurement were sl ight ly 
different. This reflected the equal effectiveness of the sliding mechanisms in 
the two systems. No signif icant di f ference was found in the heal ing of 
fractures. This was the f inding in most of the studies and i t reflected the 
potent ial of fracture healing in the cancellous bone in the trochanteric 
region. 
With respect to the differences between the two methods of fixations, 
the different prognosis of stable and unstable fractures must be considered. 
Page 98 
Chapter J V 
As the results of t reat ing stable fractures are good irrespect ive of the 
implants used, it is very important to have similar percentage of unstable 
fractures included in the comparisons. It was confirmed in the present study 
that the results of treating stable fractures were similar in both groups. The 
significant differences were the length of the surgical incisions, the duration 
of X-ray screening time and the time of full weight bearing walking. A l l were 
significantly shorter in the gamma nail group. 
In the unstable groups, very significant differences were found in the 
length of surgical incision, duration of X-ray screening, intra-operative blood 
loss and the time to start full weight bearing walking. 
The gamma na i l group showed that the ope ra t i on could be 
accomplished with significantly shorter incision. In fact there was no need 
for major dissection as compared with the operation in dynamic hip screw 
where the vastus lateralis muscle must be reflected from the femoral shaft for 
the fixation of the femoral component. The use of a closed means of fixations 
of the f rac tures cer ta in ly has many advantages. The use of the 
intramedullary fixation of fractures represents the major advance in treating 
fractures especially for those unstable fractures in the past decade. On the 
physiological aspects, closed treatment of fractures leaves the fracture 
haematoma undisturbed and hence facilitates fracture healing (McKibbin, 
1978; Lat ta et al, 1980). The recent discovery of the roles of numerous 
growth factors (Centrella et al, 1988; Nemeth et al, 1988; Bonewald and 
Mundy, 1990) in fracture healing further supports the advantages of fracture 
fixations by closed means. The decrease in surgical trauma certainly leads to 
less blood loss during operation. The method utilized in the calculation of 
blood loss was close to the actual situation since the measurement of the 
volume of loss during operation was very inaccurate especially in operations 
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that involved intramedullary reaming where the blood loss might not be 
measurable. The minimal dissection during operation also resulted in less 
devitalized tissue and decreased the chance of infections. It was shown in 
this study that there was very low rate of infection (1/93). This is also very 
important in the geriatric patients whom have very l imited physiological 
reserves. The decrease in the magnitude of surgical trauma is one of the 
important factors that leads to a significantly earlier rehabi l i ta t ion and 
shorter hospital stay in the gamma nail group. This further reflects the 
advantages of closed treatment of fractures. 
The other factor contributed to the significantly earlier fu l l weight 
bearing walking and shorter convalescent stay in the gamma nail group was 
the media l isat ion of the femoral component of the gamma nai l . This 
increased the mechanical advantages of the system by decreasing the bending 
moment of the varus force of the hip and at the same time transmitting the 
load directly onto the femoral shaft via the intramedullary fixation. The 
abi l i ty to have early weight bearing walk ing and mob i l i za t ion is very 
important in the rehabilitation of the patients. Apart from the physiological 
aspects of early mobilization, weight bearing ensures sliding of the lag screw 
and allows fracture impactions. It was shown in the biomechanical tests that 
the lag screw slid easily under physiological loading of the hip and the 
gamma nai l system was strong enough to al low fu l l weight bear ing in 
unstable trochanteric fractures. 
The use of the image intensif ier is indispensable i n any closed 
treatment of fractures. The duration of screening t ime was found to be 
significantly shorter in the gamma nail group. This was probably due to the 
fact that both systems required a good reduction of the fractures by closed 
manoeuvre. The shorter X-ray screening t ime in the gamma nai l group 
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reflected the easy handling of the instrumentations which ensured good 
positioning of the implants. The modifications of the operative procedure 
described by the author further decreased the need for frequent screening 
(Appendix 4). The decrease in X-ray screening time minimizes the radiation 
hazards to the patients and even more important, to the surgeons and 
operating theatre personnel who have to treat a large number of similar 
fractures. The user-friendly instrumentation was further reflected by the 
surgeons' comment that less than 10% of the operations were rated difficult. 
This was very much the same as in the dynamic hip screw group which most 
of the surgeons were very much familiar with. 
The rates of post-operative complications were quite similar though 
each group had its unique pattern of complications. Fractur ing of the 
femoral shaft was quite unique in patients treated with gamma nails. L ike 
other intramedullary implants, the abrupt change of mechanical strength in 
the femur might account for such happenings. Femoral shaft fracture (Figure 
5.5) happened in two patients with low level of mobility. This might well be 
due to the reaming of the already osteopenic femora which were thus further 
weaken. A l l the fractures were long spiral below the tip of the nail indicating 
that the femora failed under relatively small twisting force. The modification 
of the nail size to fit the smaller Chinese femora might minimize the need for 
excessive reaming and thus decreases the risk of post-operative fractures. 
The infection incidence was slightly higher in the dynamic hip screw group 
and this has been explained. The other complications were similar among 
the two groups. Most of them were due to technical error during operations 
since the operation were carried out by surgeons of di f ferent levels of 
surgical experience. One point worth noting is that there was no implant 
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Figure 5.5 Spiral Fracture of Femoral Shaft Distal to the Gamma Nail. 
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The intra-operative complications noted in this study were minor for 
both groups. Most of them did not affect the final outcome of the fractures. 
In the gamma nai l group, the jamming of the nai l led to the less ideal 
posit ioning of the lag screw (Figure 5.6); fracturing of the lateral cortex 
during nai l insert ion required distal locking of the nai l even in a stable 
fracture. In the dynamic hip screw group, fracturing of the lateral cortex 
during reaming with the triple reamer and displacement of fractures led to 
delay in full weight bearing walking in the post-operative period. However, 
there was significant difference among the actual incidence of the intra-
operative complications. The complications among the gamma nail group 
were largely due to problems arising f rom the femoral component. The 
analysis of the problems showed that the main cause was the mismatching of 
this component wi th the Chinese femora. The problem was even more 
critical in geriatric patients with excessive anterior bowing (Figure 5.7). In an 
effort to overcome these complications, the anthropometric study was done 
with speciar reference to the design of the femoral component of the gamma 
nail. 
The geometric parameters of any implant must agree with those of the 
human anatomy into which it is fitted. This is even more so in those that 
serve as intramedullary components. It is interesting to note that in this era 
of advance technology where computer aided design and computer aided 
manufacture are common in many production industries, the manufacture of 
the surgical implants sti l l relies very much on a pr imi t ive t r ia l and error 
method. The early experience with the standard gamma nails showed us this 
very obvious problem (Leung, 1989). The difference in the anthropometric 
data between Chinese and Caucasians were also noted before (Hoaglund and 
Low, 1980; Chan et al, 1984). The analysis of the i n t ra -opera t i ve 
complications f rom the gamma nail group highlighted the needs of an 
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anthropometric study of the Chinese femora. It was hoped that the data 
generated could be useful in the modification of the standard nail in order to 
decrease intra-operative complications. 
The results of the an th ropomet r i c study showed the obvious 
mismatching of the standard nail wi th the Chinese femora. The average 
length of the femora was 373mm. With the standard nail of 200mm, the tip 
of the nail would pass well beyond the mid-point of the femoral shaft which 
has a natural anterior curve (Figure 5.7). This radius of curvature is even 
smaller in geriatric patients. This explains the impingement of the tip of the 
nail during insertion, which might even end up in disaster, with femoral shaft 
being split if forceful insertion is carried out (Figure 5.8) (Ho and Lau, 1990). 
It also explains the high incidence of post-operative thigh pain especially 
before the fracture healed. The shortened new nail of 160mm avoids the 
impingement p rob lem and leads to a decrease in in t ra -opera t i ve 
complications. 
The medio la tera l angle of the standard nai l also showed great 
discrepancy w i t h the results of the an th ropomet r i c study. The 10° 
mediolateral angle of the standard nail requires a larger volume of passage 
to accommodate the nail during insertion. With the relatively rigid nail, 
fracturing of the lateral Cortex (Fig. 5.9) is common even after excessive 
reaming of the medullary canal. The modification of this angle to 7° gives a 
much anatomical fitting of the nail in the femur and has led to a decrease in 
the incidence of fractures of the lateral cortex during insertion. 
The narrowest diameter of the medullary canal was found to be 
around 12.5mm at the level of 190mm from the greater trochanter. This in 
fact could only accommodate a much smaller sized nail because of the very 
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Figure 5.9 Fracturing of the lateral cortex (arrow) of the proximal femur during nail 
insertion. 
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rigid structure, the lack of a built-in anterior curve (which is not economical 
as far as the stocking of the implant is concerned since it means the nails 
have to be made to f i t the r ight and le f t side separate ly) and the 
comparatively longer nail. To accommodate the standard nail one has to 
overream the medullary canal. This would have caused excessive blood loss 
and weakening of the femur. The modi f ica t ion of the na i l w i t h distal 
diameter to 11mm again is logical and essential. 
The results of treating 41 peritrochanteric fractures with the modified 
nails were compared with the 93 fractures that were fixed with the standard 
nails. The results showed that the decrease in the i n t ra -ope ra t i ve 
complications was statistically significant (P<0.05). The decrease in these 
complications resulted from a mismatching of the geometric parameters was 
evident. The decrease in the post-operative thigh pain was also statistically 
significant (P< 0.0001). The decrease in the incidence of thigh pain was much 
more obvious in the first three months after operation. This was the period 
when the fractures were mostly not consolidated. After the fracture healed, 
there was a dramatic fall in the incidence of thigh pain in both groups. This 
finding further supports the hypothesis which suggests impingement is the 
main cause of thigh pain. Wi th the healing of the fracture, less load is 
transmitted by the nail on to the femoral cortex and hence there is less 
impingement. 
The decrease in the post-operative complications to 5%, though 
statistically not significant (P = 0.095), was also very encouraging. 
Other data from the anthropometric study are also useful for design of 
the implants. The biomechanical tests had shown that the angle of the lag 
screw could be limited to only one set so as to decrease the inventory of the 
Page 107 
Chapter J V 
implant manufactured (Meislin et al, 1990). The average neck shaft angle 
was found to be 133°. The angle for the lag screw could thus be adjusted to 
O 
130 and applied to all fractures without harmful effects on the results of the 
fracture fixation. 
The method used in the anthropometric study was very primitive and 
labor consuming. Nevertheless, it represented the very first reported effort 
in the application of anthropometric data to the modification of surgical 
implants for fracture fixation. The result was very encouraging. Wi th the 
advent of computer ized axial tomography and the three dimensional 
reconstruction programmes in the computers, larger scale studies could be 
carried out and more accurate results would be generated. One day it wi l l be 
possible to study and analyse the geometric data of each bone of the human 
skeleton. With the combination of our knowledge in biomechanics, an ideal 




"The pursuit of perfection, then, is the pursuit 
of sweetness and light” 
--Culture and Anarchy 
Matthew Arnold (1822-1888) 
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My Strong belief that there will be an ideal treatment for each and 
every fracture-dislocation formed the basis of this work. I t is a fact that a 
wide range of norms exists in the biological system and it has been very 
d i f f i cu l t i f not impossible to delineate sharply the good and the bad 
treatments for any disease. W i th the accumulat ion of experience in 
treatment, with better understanding of the pathology and the combination 
of technology from other areas of scientific expertise, we can certainly work 
towards this goal and we should not be too far away from achieving it. 
The search for an ideal implant for peritrochanteric fractures reflects 
the effort to achieve this goal. The increase in the aging population and the 
increase in the age specific risk factors for fractures around the hip make the 
search more urgent. The dynamic hip screw system is one of the most widely 
used sliding nail plate system for such fractures. The need for considerable 
dissection and exposure, and the lateral placement of the side plate of the 
femoral fixation leave room for further improvement. The gamma nail is a 
newly introduced implant for peritrochanteric fractures. I t claims to have 
fulfil led all the criteria for an ideal implant. In this study, these theoretical 
advantages are investigated and confirmed. 
1. The biomechanical tests have shown that the lag screw assembly of 
the gamma nai l is an ef f ic ient sl iding device. The set screw provides 
satisfactory rotatory control and at the same time allow sliding which is a very 
important prerequisite for a successful implant for fixing peritrochanteric 
fractures. It has also been proven to be strong enough to allow early weight 
bearing walking and has a wider safety margin compared with the dynamic 
hip screw system to withstand the load from the hip during normal activities. 
The improvement in the mechanical stability is particularly important in 
unstable fractures where immediate reestablishment of the fracture stability 
is vital for early mobilisation. 
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2. The randomised prospective clinical study demonstrated that the 
ultimate functional results of peritrochanteric fractures treated by the gamma 
nails are similar to those with the dynamic hip screws. However, the gamma 
nail system is proven to have the advantages of being able to be implanted 
with less surgical trauma, require less exposure to X-ray during operation 
and can be accomplished with less blood loss. The rehabilitation could be 
quicker in terms of ful l weight bearing. These can be considered as further 
advantages in t rea t ing large number of pat ients w i th compromised 
physiological reserves. The only significant disadvantage of the gamma nail 
system is that the intra-operative complications with the standard nail are 
higher when compared with the dynamic hip screw. The cause is found to be 
related to the mismatch of the Chinese femora and the femoral component 
of the standard gamma nail. Anthropometric studies with the Chinese femora 
provided geometric data for the modification of the femoral component of 
gamma nail. The results of the use of the modified nail did show a significant 
decrease in intra-operative and post-operative complications. 
This study confirms that the gamma nail system represents the further 
improvement in the design of implants for peritrochanteric fractures. With 
modifications in the femoral component, this implant could be considered as 
the most ideal implant available at the present moment. 
The improvement of the design of the surgical implant is one more 
step towards the making of an ideal implant for this very common fracture. 
The successful application of the anthropometric data to modify the design of 
implant is most encouraging. This is the first reported success in a large 
scale. The anthropometr ic studies could also be improved w i th more 
sophisticated and accurate methods with three dimensional reconstruction of 
computerized axial tomography. With further studies on other parts of the 
skeletal system, similar approach could be applied to the manufacture of 
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Data Record Sheet of the Retrospective Analysis of Geriatric 
Fractures Treated in the Prince of Wales Hospital 
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A Review of Geriatric Hip Fractures 
Patient's Personal Data: 
I.D. Number: ^ ( ) sex: Age: ~ ~ 
Pre-morbid state: 
Mobility: Walking independently / walk with aid / not walking 
Pre-existing disesase affecting rehab: 
Dementia / C.V.A. / Blindness / Severe arthritis / Old fracture 
Fracture Type & Treatment: 
site of Femoral #: Neck / Trochanteric / Sub-trochanteric 
Operation: A.M.A. / E.N. / D.H.S. / D.C.S. / 
(Others Specify) 
Mode of Anaesthesia: S.A. / G.A. Score on recovery: 
Delays before operation: 
Days after injury: Days after admission: 
Reasons for delay after admission: 
Post-op. Course: 
Post-op. state: Good / Fair / Poor 
Complications: 
Special Treatment: I.T.U. / Transfer to medical ward 
Rehabilitation Course: 
Time taken to stand or walk: weeks days 
Reasons for delays of more than 7 days: 
Last Follow-up: 
Time post-op,: months weeks 





Calibration Curve of the Linear Variable Differential Transformer 
(LVDT) 
(V) LVDT CALIBRATION 
6-r , I z 一 
/ I — — I 
一 T E S T 1 
/ - T E S T 2 
VOLTAGE 3 - ^ ^ ^ T E S T 3 
Z 一 t e s t 4 
> — T E S T 5 
/ • y 
~ ~ I ~ ~ 1 ~ I I ~ ~ I ~ ~ I I I " " " I I ~ ~ I I ~ ~ I (CM) 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6,5 7 7.5 DISPLACEMENT 
The linear portion of the curve showed the displacement of 10mm 




Data Record Sheets for the Randomized Prospective Trial of Gamma 
Nail and Dynamic Hip Screw 
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Gamma Nail / D.H.S. Study 
Name: X-ray No.: /89 
(Enter the full name, surname first) (Enter the PU x-ray no.) 
I.D. Number: ( ) /90 
(Enter the ID No. Those with XG prefix enter as X only) 
/91 
Sex: Date of Birth: / / ( ) 
(Enter age in the brackets only if DOB not known) 
L. K. S . No . ： / 
Fracture Background:-
Date of Injury: / / 
(dd/mm/yy) 
Side: 
Type： ( Refer to code sheet.) 
Pre-morbid Mobility: Independent / Aided / Chair / Bed 
Pre-existing Disability: Amputation, Blindness, CVA, Old Fracture 
(Select up to 4) 
Home environment: FArm / FLat / iNstitute 
Anaesthetic Risk: 1/2/3/4/5 
- (Refer to code sheet.) 
Operation Data:-
Date of Operation: / / 
Surgeon： (Enter initials, 
e.g. LKS) 
Assistant: 
Anaesthesia: G人 / S人 / E人 
Pre-operative Skeletal Traction: Y / N 
Prophylactic Antibiotics: Y / N 
Ease of Reduction: Easy, Usual, Difficult, Fail 
Quality of Reduction: Excellent, Good, Satisfactory 




Gamma NaU: D.H.S.: 
Nail Diameter: 11/12/14/16 No. of Cortical Screws: 4/5/6 
Nail Angle: 125 / 130 / 135 / 140 Plate Angle: 135/150 
Screw Length: 80/90/100/110/120/130 Screw Length: 70/75/80/85/90/95/100/105/110/115 
L a s t Reamer : . mm. 
Use of Compression: Y / N 
Use of Distal Screws: 0/1/2 
Screening Duration - Reduction: seconds 
Fixation: seconds 
Skin-to-skin Operation Time: minutes 
Blood loss and complications-
Haemoglobin ：Pre-op. ： • (After all pre-op transfusion.) 
Post-op. ： . (After all post-op transfusion.) 
D r a i n O u t p u t : m l . 
Blood Transfused: units. 
D u r a t i o n o f Shock： (NO. of hours with U . O . < 2 0 m l / h ) 
Any Per-op . Complication： Y / N (Details on the next page.) 
Any Re-operation： Y / N (Details on the next page.) 
Post-operative Measurements-
L e n g t h o f S c a r : cm. Max. D i a s t a s i s : AP: mm. 
Position of Screw: AP: High, Central, Low Lat: mm. 
L a t : A n t , C e n t r a l , P o s t V a r u s > ICT? : Y / N 
Screw tip to Subchondral line: mm. 
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Duration of hospital stay: 
in PWH: days 
in Convalescent hospital: days 
during re-admission: days 
Remarks on the Operation:-
Remarks on Complication: 
Date of Death: / / 
Cause of death: 
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Gamma Nail Study: FOLLOW UP 
Name: Initials: 
(Enter the full name, surname first) 
I.D. Number: ( ) 
(Enter the ID Ho. Those with XG prefix enter as X only) 
Date of Follow up: / / 
Mobil i ty Status: I ndependen t / A i d e d / C h a i r / Bed 
N.W.B. started: week 
P.W.B. started: week 
F.W.B. started: week 
Living at Home / Institute 
Healing: Per-op Position / Slightly Displaced / 
D i s p l a c e d > 10 deg v a r u s / N o t y e t h e a l e d 
Sliding of Lagscrew (mm.) 
Penetration of Lagscrew (mm.) 
Bending of Lagscrew (degrees) 
Cut-out of Lagscrew: Y / N 
Pain around hip: Y / N 
Pain at Thigh: Y / N 
Shortening of Limb (mm.) 







Gamma Nail Study 
Code Sheet 
“ WW]~ 
3 (Frontal view) (Lateral view) 
謝 一 
- rO r^ f^ 
Anaest. risk group: \ ( K f \ A 
1.Totally healthy patients. ) \ ( i \ r ] 
2. Patients with an illness which alves light \ ] \ [ 
or little disturtance of organic functions. 
For example: 
> hypertonia which does not give 9 1 0 T l ~ 
symptoms 
3. Patients with an illness with certain ) f ^ ) 〉 
reduction of organic functions. / / ^ ^ f , 
For example: \ .1 ^ [ 、 y / ^ ^ 
»patients with angina pectoris or \ (1 L 0 
former myocard infarct W J ^ U 
I patients wilh serious hypertension p ] ^ V / 
» patients with moderate heart j / 
insuffience ‘ 
,patients with chronic obstructive lung 2 T q " 
disease with certain function dyspnoea ( \ ^ 
4. Patients with an Illness which gives f ^ ( ^ 
serious reduction of organic functions. I ^ ( 
For example: \ f ( \ \ /A 
» patients with coronar Ischemi and \ ( \ \ / H ^ i x V 
heart insuffience Y / ^ 
> patients with advanced chronic ob- T 
struclive lung disease with emphysema 、、 
and function dyspnoea so (hat he/she 
can not walk upstairs without having to i A ^ -t r 
stop and breathe \ aT^ ) 
5. Patients who are so seriously ill lhal / a J f \ / J 
they are operated on vital indications. V X ( ^ 广 
, the patient will die within 24 hours if f^SWls/^ p ^ ^ U 
no surgery is performed and corrects \ P U o - v ^ 
tho palopnysiology of the patient ) y 




Operative Procedures of Dynamic Hip Screw and Gamma Nail - A 
Summary and Modifications 
Positioning and Closed Reduction 
The positioning of the patients and the closed reduction procedures 
for the fractures are the same for dynamic hip screw and gamma nail. 
W i th the anaesthetised patient in supine posit ion on the tract ion 
table, closed reduction is done with fluoroscopic control The fractures are 
usually reduced wi th the Leadbetter (Leadbetter, 1933) method. The 
reduction in the frontal plane is maintained with longitudinal traction, slight 
adduction of the hip. On the lateral plane, because of the common posterior 
comminutions and the tendency of the lower limb to external rotation, the 
reduction is completed with the hip in internal rotation (under fluoroscopic 
control) to close the fracture gap in the anterior cortex. These steps are 
important to ensure anatomical reduction. The traction is then maintained 
by tract ion through the foot piece of the traction table and the trunk is 
laterally flexed to the opposite side of the fracture so as to have better access 
to the greater trochanter. 
Operative Procedures for Dynamic Hip Screw System 
Operative procedures for the dynamic hip screw are well described in 
the book entitled "The Dynamic Hip Screw Implant System" by Regazzoni, 
Ruedi, Winquist and Allgower (Ragazzoni, 1985). The operative procedures 
are wel l accepted and needed no further modification. A summary of the 
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procedure is given below. 
With the anaesthetised patient on the traction table, closed reduction 
of the f ractures is done under f luoroscopic con t ro l . A 12 to 18cm 
longitudinal incision is made on the lateral side of the thigh starting from the 
tip of the greater trochanter. The tensor fascia lata is incised along the 
incision. The vastus lateral is is detached f rom the latera l septum and 
reflected anteriorly so as to expose the lateral surface of the femur. The 
anteversion angle of the femoral neck is determined with a 2mm Kirschner 
wire passing anteriorly and parallel to the neck. The guide pin for the lag 
screw is passed by the small air drill with the angle guide to the subchondral 
bone of the femoral head. The length of the lag screw could be measured 
directly wi th the measuring device. The passage of the lag screw is then 
prepared with the triple reamer. The passage could be tapped in patients 
with bone of good quality. The lag screw with the corresponding length is 
then inserted with the screw wrench and the centering sleeve. The side plate 
with the barrel is inserted onto the lag screw. Fixation of the side plate on to 
the femoral shaft is done with 4.5mm cortical screws. The wound is then 
closed in layers with suction drainage. 
Operative Procedures for Gamma Nail 
Operative procedures for the gamma nail are described by Grosse and 
Tagland (Grosse, 1990). The procedures are modified by the author with the 
respect to accurate posit ioning of the implants and avoidance of intra-
operative complications (Leung et al, 1990). 
As a special preoperative preparation, the X-ray of the opposite 
normal hip is taken to determine the neck shaft angle and the diameter of 
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the medullary canal in order to choose the appropriate implant. Template 
sets corresponding to the range of the nail angulation and diameter are also 
available in 15% magnification. These templates help in the estimation of 
the size of the nail, the angle and the length of the lag screw to be used. 
The operative site is scrubbed and draped. The anteversion angle of 
the femoral neck is determined by the following method: with the C-arm 
positioned to give a true lateral view of the femoral neck and head, a 2mm 
Kirschner wire is passed percutaneously and anterior to the distal half of the 
trochanter towards the femoral neck. It is adjusted parallel to the axis of the 
femoral neck in the coronal plane (Figure A. l ) . 
A n inc is ion of 8cm to 10cm is made in the t ip of the greater 
trochanter. Two thirds of the length of the wound is caphalad to the tip of the 
trochanter. The medullary canal of the femur is entered through the tip of 
the trochanter. The reamer guide is passed and the diaphyseal medullary 
canal is prepared by reaming to 1mm greater than the size of the nail to be 
inserted. In the subtrochanteric region, the medullary canal is overreamed to 
2mm to 3mm bigger to ensure easy insert ion. The appropr ia te na i l is 
assembled onto the nail mount and passed into the femoral canal manually 
without hammering. The handle of the nail mount is kept parallel to the 
2mm anteversion Kirschner wire in the coronal plane (Figure A.2). The 
advance of the nail is monitored with the fluoroscopy to prevent jamming of 
the tip of the nail onto the anterior and medial cortices. 
The corresponding targeting device is assembled to the nail mount 
after the nail is inserted to the correct position. The lag screw guide wire 
sleeve is fitted into the lag screw guide sleeve and both are inserted through 
the targeting device. The skin and fascia lata are incised and the sleeve is 
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I ^ a 
Figure A.1 Determination of Anteversion Angle by Percutaneous Kirschner Wire 
Insertion. Inset Shows the Image on X-ray Monitor. 
Figure A ^ The Nail Mount Handle is Kept Parallel to the Anteversion Kirschner Wire 
in the Coronal Plane during Nail Insertion. 
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brought into contact with the lateral cortex. The lag screw guide wire sleeve 
is removed and the lag screw guide sleeve is impacted so that its serrated 
edges anchor to the lateral cortex of the femur in order to stabilize the 
- t a r g e t i n g assembly. The lateral cortex is perforated with the proximal awl and 
the lag screw guide is inserted through the lag screw guide sleeve until the tip 
reaches the subchondral line. The position of the guide wire should be in the 
infer ior half of the head and neck in the frontal plane and central in the 
lateral plane. The length of the lag screw is measured. The length is 
transferred to an adjustable stop of the lag screw step dr i l l to prevent over 
drilling. The cannulated lag screw step drill is inserted over the guide wire 
and driven into the femoral neck and head manually until the tip reaches the 
threaded portion of the lag screw guide. The step dril l is removed and the lag 
screw is inserted over the guide wire. As the lag screw in t roduc t ion is 
completed, the screwdriver handle is turned until either the handle is parallel 
to or one of the four arrows on the screw driver body is lined up with the 
targeting device. This is essential to allow the set screw tip to enter one of the 
four lag screw grooves. The set screw is then inserted through the nai l 
holding screw and tightened onto the lag screw. Finally the set screw is 
backed off 60° to 90° to allow free sliding of the lag screw. 
Distal locking is done in unstable trochanteric and subtrochanteric 
fractures. This can be carried out wi th the same targeting device. The 
proximal locking screw should be targeted first in order to ensure the best 
mechanical construct of the targeting device. With the distal obturator fitted 
into the distal guide sleeve, the sleeve is brought into contact with the lateral 
cortex through the targeting device. The lateral cortex must be adequately 
perforated with the sharp awl to ensure accurate targeting. The screw hole is 
prepared with the distal step drill and the length of the screw measured. The 
screw is inserted. With the guide sleeve and the screw driver still in situ and 
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giving a stable construct, the most distal locking screw is inserted by 
repeating the same procedures. 
. T h e wound is closed with suction drain. 
The operative procedures for gamma nail have been modified for the 
sake of the easy and accurate determination of the anteversion angle, the 





Methodology for the Measurement of the Sliding of the Lag Screw of 
the Gamma Nail on Serial X-ray Films 
The ability of the lag screw to slide during fracture healing is one of 
the most important factors to guarantee satisfactory clinical results. The 
assessment of the sliding distances on X-ray films is affected by the different 
/ 
degrees of rotation when the X-ray films are taken. In clinical practice, it is 
very difficult to have X-ray films taken with the same rotation in each follow-
up. It is therefore necessary to find out a method to determine the distance 
of sliding on X-ray films with different rotations. 
Method 
One gamma nail with known lag screw length was fixed with set screw. 
The assembly was X-rayed with 0。，10 °, 20 °，30 ° and 40。rotations. The 
measurements were done on each f i lm for the following segments (Figures 
A.3, A.4): 
L the actual length of the lag screw, 
X the total length of the lag screw on X-ray f i lm with X ° rotation, 
( A - B ) x , 
b the length of the segment of the lag screw prox imal to the 
gamma nail on X-ray with X ° rotation, (A-O)^， 
入 
y the total length of the lag screw on X-ray f i lm with Y ° rotation, 
( A - B ) y ， 
d the length of the segment of the lag screw prox imal to the 





On the f i lm with rotation, the true length of the segment of the lag 
screw that is proximal to the gamma nail is 
L X b / x 
similarly, the true length of the segment of the lag screw that is proximal to 
the gamma nail on the fi lm with Y° rotation is 
L X d/y 
Therefore, the true distance of the slid for the lag screw is equal to the 
difference of the two lengths calculated: 
Distance slid = L( b /x - d/y) 
Results 
0° X = 92.5 
b = 61.0 
actual length = 59.4 
10° X = 93.5 
b 二 62.0 
actual length = 59.7 
20° X = 94.0 
b = 62.0 
actual length = 59.4 
30。 X = 93.5 
b = 61.5 
actual length = 59.2 
40。 X = 92.5 
b = 61.0 




The X-ray films that are useful in the assessment of the sliding of the 
lag screw are the films of frontal views. The above method is applicable in 
the assessment when the fi lms are taken wi th the hip in zero degree of 
flexion and the difference in the rotation is in the frontal plane. In most of 
the situations in clinical practice, X-ray fi lms can always be taken in the 
frontal view and flexion deformity is very uncommon in the majority of 
patients after fixation of the trochanteric fractures. This method is probably 
more accurate when compares wi th the method proposed by Doppe l t 
(Doppelt, 1980) for the measurement of lag screw sliding on the nail plate 
system since the femoral component of the gamma nail is cylindrical and it 
would always be the same with different degrees of rotation. In the nail plate 
system, the thickness of the side plate varies with different degree of rotation 
and hence causes a problem in the determination of the same reference point 
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Extra Data from the Results of the Randomized Prospective Trial of 
Gamma Nail and Dynamic Hip Screw 
The use of the implants are tabulated in Table A. I . 
Table A. 1 Choice of Implant Used 
Gamma Nail 
Lag Screw Length Nail Diameter Nail Angle Locking 
80mm 37 11mm 41 125° 17 Yes 85 
90mm 96 12mm 103 130° 82 No 75 
100mm 26 14mm 16 135° 61 
110mm 1 
D.H.S. 
Lag Screw Length Plate Angle Side Plate 
70mm 8 135° 103 4 holes 89 







The position of the lag screws in the femoral head and neck are 
tabulated in Table A.2. 
Table A.2 
Position of Lag Screw in Femoral Head and Neck 
Gamma Nail DHS 
AP Lat AP Lat 
High 15 Ant 15 High 1 Ant 15 
Central 81 Central 124 Central 62 Central 79 




Results of Anthropometric Study of 30 Chinese Femora 
The mean and standard deviation of the measurement of the diameter 
of the femoral shafts are tabulated. 
a a X b b V Y 
N o . > < > < > < > < 
5 1 3 7 . 7 5 , 4 . 8 8 3 9 . 5 0 , 7 . 7 8 2 2 . 5 2 , 3 . 9 4 2 4 . 6 7 , 6 . 5 1 
52 3 3 . 5 0 , 8 . 4 0 2 8 . 9 2 , 9 . 2 9 3 0 . 6 1 , 3 . 9 7 2 4 . 5 0 , 4 . 5 1 
53 3 3 . 6 6 , 6 . 0 3 2 8 . 8 1 , 6 . 0 0 3 2 . 0 0 , 0 . 0 0 2 6 . 0 0 , 0 . 0 0 
54 3 7 . 1 1 , 4 . 7 1 3 2 . 3 8 , 5 . 0 0 5 3 . 5 0 , 2 . 1 2 4 8 . 5 0 , 2 . 1 2 
55 3 4 . 5 9 , 4 . 9 0 3 0 . 2 0 , 4 . 0 5 4 5 . 3 3 , 5 . 9 8 3 8 . 3 0 , 5 . 0 9 
56 3 0 . 9 2 , 4 . 1 3 2 6 . 6 7 , 4 . 1 1 4 1 . 4 5 , 5 . 7 5 3 3 . 5 2 , 5 . 8 7 
57 2 8 . 0 6 , 3 . 4 2 23 . 0 5 , 3 . 6 8 3 5 . 5 5 , 5 . 23 2 6 . 9 1 , 4 . 6 9 
58 2 6 . 8 4 , 3 . 2 0 2 0 . 8 1 , 3 . 6 1 32 . 0 6 , 3 . 68 22.10, 4 . 14 
59 2 6 . 6 6 , 2 . 6 7 1 8 . 6 7 , 3 . 2 8 3 0 . 5 8 , 3 . 2 0 1 9 . 4 4 , 3 . 9 2 
5 1 0 2 6 . 5 6 , 2 . 4 9 1 7 . 3 0 , 2 . 8 4 2 9 . 7 5 , 3 . 3 2 1 7 . 0 9 , 3 . 66 
5 1 1 2 6 . 7 3 , 2 . 2 9 1 6 . 9 1 , 2 . 9 1 2 8 . 8 0 , 3 . 2 2 1 5 . 6 9 , 3 . 4 4 
512 2 6 . 9 5 , 2 . 2 6 1 6 . 8 1 , 3 . 0 2 2 8 . 6 6 , 2 . 6 9 1 5 . 0 2 , 3 . 1 4 
513 2 6 . 9 4 , 2 . 4 0 1 6 , 5 6 , 3 . 2 8 2 8 . 3 3 , 2 . 3 9 1 4 . 4 1 , 2 . 9 0 
514 2 7 . 3 4 , 2 . 4 0 1 6 . 4 2 , 3 . 2 2 2 8 . 0 2 , 2 . 2 7 1 3 . 8 6 , 2 . 6 9 
515 2 7 . 4 4 , 2 . 4 7 1 6 . 2 0 , 3 . 2 0 2 7 . 7 0 , 2 . 4 5 1 3 . 4 2 , 2 . 62 
516 2 7 . 7 2 , 2 . 3 3 1 6 . 0 0 , 3 . 0 6 2 7 . 5 6 , 2 . 2 1 1 3 . 1 7 , 2 . 5 8 
517 2 7 . 9 8 , 2 . 2 6 1 5 . 9 4 , 3 . 0 8 2 7 . 7 5 , 2 . 1 8 1 3 . 0 2 , 2 . 38 
518 2 7 . 9 7 , 2 . 3 2 1 5 . 7 7 , 2 . 9 8 2 7 . 2 5 , 2 . 1 3 1 2 . 5 8 , 2 . 2 2 
519 2 8 . 1 9 , 2 . 3 9 1 5 . 5 9 , 3 . 0 0 2 6 . 8 0 , 2 . 39 1 2 . 4 7 , 1 . 9 1 
520 2 8 . 0 6 , 2 . 6 6 1 5 . 5 9 , 2 . 7 6 2 6 . 6 6 , 2 . 4 5 1 2 . 5 6 , 1 . 9 4 
5 2 1 2 8 . 1 9 , 2 . 7 6 1 5 . 8 3 , 2 . 8 5 2 6 . 4 8 , 2 . 2 6 1 3 . 0 5 , 2 . 0 3 
522 2 8 . 4 2 , 2 . 6 6 1 5 . 8 9 , 2 . 5 4 2 6 . 4 8 , 2 . 4 7 1 3 . 2 8 , 2 . 0 1 
523 2 8 . 4 7 , 2 . 6 2 1 6 . 3 5 , 2 . 3 0 2 6 . 4 4 , 2 . 1 4 1 3 . 8 5 , 1 . 8 0 
524 2 8 . 7 6 , 2 . 6 2 1 7 . 0 4 , 2 . 2 3 2 6 . 7 4 , 2 . 1 8 1 4 . 6 1 , 1 . 9 6 
525 2 8 . 5 6 , 2 . 7 4 1 7 . 4 4 , 2 . 2 8 2 6 . 5 2 , 2 . 1 2 1 5 . 3 0 , 2 . 4 2 
526 2 8 . 3 0 , 2 . 6 8 1 7 . 6 1 , 2 . 1 6 2 6 . 9 3 , 2 . 13 1 6 . 0 2 , 2 . 2 7 
527 2 8 . 5 5 , 2 . 8 2 1 7 . 7 4 , 2 . 0 2 2 7 . 5 3 , 2 . 4 9 1 6 . 5 5 , 1 . 8 5 
528 2 8 . 5 0 , 2 . 2 4 1 9 . 0 0 , 1 . 9 5 2 7 . 4 3 , 2 . 3 1 1 7 . 9 3 , 1 . 9 9 
529 2 9 . 1 7 , 2 . 4 0 2 0 . 4 2 , 2 . 1 1 2 7 . 2 5 , 2 . 5 8 1 8 . 6 7 , 1 . 6 3 
5 3 0 2 9 . 3 0 , 2 . 6 6 2 1 . 2 5 , 2 . 8 7 2 7 . 6 0 , 2 . 7 7 1 9 . 4 0 , 1 . 8 5 
Page 145 

CUHK L i b r a r i e s 
• • • 3 E 5 f l b 3 
